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CHAPTER I

INTRODUCTION AND PROBLEM PORMULATION

In recent years, a considerable amount of experi-
mental work has been performed by means of electrical sti-
mulation in order to clarify the functional significance
of the reticular formation of the brain stem (2.21). Two
main groups of effects have been distinguished from these
studies. The first was concerned with modification of cor-
tical and subcortical activity; the second, with modifica-
tion of muscular activity through the bulb and spinal cord.
The subject of this theeis deals specifically with only part
of the latter effect, 1.e,, the forelimb movements which can
be elicited by electrical stimulation of the midbrain reti-
cular formation.

This investigation requires a consideration of the
nature of the movements obtained, i.e., the flexion or the
extension of a joint and of time relationships, i.e., the
latencies after which they appear, their speed, and the dura-
tion of the effect.

I - NATURE OF THkK MOVEMENTS
In 1905, Thiele (32) described motor rcsponses
slicited by electrical stimulation of the tegmentum of the

midbrain in decerebrate preparations. These responses con-
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sisted of ipsilateral flexion end contralateral extension

the revarse in the hindlimbs, curving of
the neck and trunk concave to the side of the stimulation,
and swinging of the hindlimbs in the same direction. This
was called the mesencephalic tegmental response.

In 1930, Hinsey, Ranson and Dixon (8) again des-
cribed this response, in decerebrates, as {psilateral flo-
xion and contralateral extension of the forelimdbs. The hind-
14mbs were bilaterally flexed and swung % the side of the
stimulation. The head and neck turned to the same side.
Similar results were reported by Ingram et al. in 1932 (10)
by stimulation of the midbrain tegmentum in the intact animal.

In 1946, Magoun and Rhines (12-20) described genera-
lised facilitation and inhibition of cortically or reflexly
{nduced movements, by stimulaticn of the brainstem néticular
formation. Sites which inhibited {ndifferently flexor or
extensor muscles were said to be localized mainly in the medin-
ventral part of the medulla oblongata. The facilitatory areas
were lateral and dorssl to this mass, and extended rostrally
through the pontine and mesencephalic tegmentum as far forewards
as the "ventral diencephalon®. This phenomenon soon became
the basis on which theories of spasticity md rigldity were
formulated (25).

In 1953, Sprague and Chambers (31) questioned the
validity of the concept of a aon-reeiprocal motor function of

the brain stem reticular formation at least as a truepysio-

wis
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logical mechamism, They revived the idea of & reciprocal
funetion as earlier suggested by Thisle and Hinaey (32.8),

by stimulating normal and decerebrate cats through elec-

oblongata.

Only from a minority of points stimulated did they
observe generalised inhibition or facilitation of decersbrate
rigidity. The former could be obtained at threshold and at
supravhreshold values, but the latter only occuried at high
suprathreshold voltages.

Most points yielded reciprocal effects. Yedially,
from the inhibitory area of iagoun, they obtained ipsila-
teral flexion and contralateral extengion of the forelimba;
laterally, from the facilitatory ares, ipsilateral extension

~ and contralateral flexion. The hindlimb bshaved as the fore-

1imb of the same side. The trunkws concave to the side of
the stimulation and the head turned to the side of the flexed
leg. Thess represent the usual movements but a variety of
then was possible especially in the hindlimbs. There were no
changes in the movements with changes in irequency. Post-
stimulatory reversals wero minimal in the formal and maxinal
in the decerebrate animal. Otherwise normal, decerebrate and
aven decerebellate cats gave the same resyonse.

Since the movements are the same in these three
preparations, they must be mediated by pathways going directly
down the bulb into the spinal cord and not up and around a

A
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circuitous route through the diencephalon and the hamis-
pheres or through the cerebellum,

It remains as yet unanswsred, however, to what
extent the forelimb movemants might be dapandent upon long
propriospinal systems caudal to the brachial segments of
the spinal cord. Large cells in the anterior motor hora of
the lumbar cord which do not show evidence of retrograde
degeneration upon anterior motor root section but which are
affected by transection of the cord from C3 to Thl2 were
originally described by Cooper and Sherringten (3), who
believed that they gave origin to the crossed ventral spino-
cerebellar tract., Sprague found that some of them terminate
in the cersbellum in the macaque (27) but failed to find
evidence that they were activated by physiological stimula-
tion of end organs and electrical stimulation of nerves in
the cat (28), He concluded that they were an ascending com-

- ponant of the bulbospinal tonus regulating mechanimm (29).

The same autlor later made a detailed study of the number
and distribution of Cooper-Sherrington cells and suggested
that they are responsible for the tonic inhibition of the
forelimdb extensors which is released by thoracic hemisection
in decerebrate preparations (30). This had been described
and named the Sohiff Sherrington phencmenon by Ruch (22, 23).
In the cat the Cooper Sherrington fibers have no significant
projection to the cersbellum. They are believed to be a

IS
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direct pathway to the contralateral cervical segments of
the spinal cord for an ascending component of the bulbospinal
mechanism influencing muscular tonus in the forelimbs (30).

It would appear that thers are two ways in which
this or similsr propriospinal connections might influence
the forslimb movements obtained by reticular formation sti-
mulation. It may be either part of a long multisynaptic
pathway activated by the stimulation, or its tonic influence
upon the anterior motor horn cells of the cervical region
may modify the response of the latter to the stimulation
coming from above. That supraspinal effects, at least as
far as the phenomenon of facilitation and inhibition is
concerned, do not depend as much upon the structure stimulated
as on the intrinsic spinal cord organisation and the balance
of various other influences upon the cosmon motor neuron pool
has already been suggested by the experiments of Austin and
Emmers (1, 6).

Do long propriospinal pathways ascending from the
low thoracic and lumbar cord actually form part of aa intrin-
sic spinal cord organigzation upon which would depend the sign
(flexion or extension) of the forelimb movements obtained by
reticular formation stimulation, or expressed differently
and with different emphasis, do such fibers form part of a
long chained circuitous pathway through which the reticular
formgtion can modify the forelimb movements it can iteelf
elicit from the cervical cord? The present sariss of gxperi-

ments was conceived to answer this questlon.
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IT - TIME RELATIONSHIPS OF THE BOVLEENTS

After the publication of Sprague and Chambers
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formation, Gernandt and Thulin (7) pe-gxamined the pheno-

hagiged the reciprocal function of the reticular

menon of facilitation and inhibition of reflexes a&s descri-
bed by Magoun et al. (12, 20)., They confirmed that this
particular effect was indesd mostly non-reciprocal, l.€s,
affecting jndifferently flexors O extensors, though they
did find a minimal number of points with reciprocal effects.
They also described a "petering out" of the effect
of the conditioning gtimulus, and they gtated that in the
10 seconds period of stimulation, "the facilitatory effect
{n most cases does not continue throughout the stimulation
period but the amplitude diminishes gradually. After such a
type of stimulatory facilitation comes & postatimlatory
effect usually causing a more or less long depression of
excitation over a period of 10 to 60 seconds after the close
of the conditioning gtimulus". The same holds true for inhi-
bition but with signs reversed., Such an offect may be due 10
fatigue or depression of the pathways {nvolved or Lo activa-

tion of other pathways opposing stimulation after a long

latency.
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In 1956, Mihailovic and Delgado (16) published
their study on stimulation of the monkey brain with various
paraneters of stimulation, They described movements from
the same points of the cortex or subcortical centers as
having a changing quality with changing frequency. At low
frequencies, below 30 cps, movemerts were tremulous at the
same frequency as the stimulus. From 30 to 250 cps, tremors
and fasciculation were lost and a slow suooth movement
appeared. With increasing frequency, responses werse more
abrupt, with shorter latencies. At the highest frequency of
5000 eps, nothing but a rapid movement in the form of a Jerk
was obtained at the very onset of the stimulation. Apart
from this jerky movement, they did not report any “petering
out" of the movements as Gernandt and Thulin (7) had des-
cribed for the phenomenon of facilitation and inhibition.

It is to be noted that Mihailovic and Delgado were stimulating
for two seconds periods only and that loss of facilitation had
beer observed at 7-8 seconds.

The question arises whether the "petering out™ effect
described by Gernandt and Thulin for the phenomenon of facili-
tation and inhibition applies to the patterns of movements
elicited from the reticular formation. If this is the case,
it should be asked whether, for the forelimbs at least, this
is in some way due to an opposing influence from the lower
thoraeie and lumbar cord rather than sizmply dependent on fatigue
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and depresaion of the pathways involved, The experiments,
vised o study the naturas of the movements, might aleo

shed some light on this problenm,




CHAPT:h 11

BATGRIAL AND STHUDS

The preesent investigation deals with a series of
10 adult cats in which bipolar platinum olectrodes were
chronically implanted into the reticular formation of the
rmidbrain,

The area of the midbrain was chosen because:

1- The mesencephalic reticular formation is
easy to reach with a vertical electrode without interforing
with structures essential to motor function, At the chosen
stereotaxic coordinates, the electrode comes down rostal to
the cersbelluwn and the bony tentorium through the occipital
lobs and the infsrior colliculus.

2- The fibers of the reticular formation, at
this lavel, do not descend to the spinal cord but they must
synapse at least once in the pons or the medulla oblongata
uoon those cells possessing long descending reticulo spinal
axons (Brodal 2, Hossi and Zanchetti 21). It is thought

that having passed through at least one synapse, the impulse

A

1s probably more physiological upon reaching the interneuronal
pool in the gray matter of the cord.

It was intended to place the electrodes in that part
of the reticular formation which has been called the nucleus

cuneiformis by Clszewski (18), This nucleus occuplies tha area
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o the corpora guadrigemina in the dorsal part of

the tegmentum, (Pige l). It extends from the caudal poie
of the inferior colliculus to the rostral border of the

gray medially, the corpora quadrigemina dorsally and the
medial lemniscus laterally. Ventrally it must be distin-
guished from the nucleus subcuneiformis. This is done on

the basis of cell characteristics. The nucleus cuneiformis
is composed of small and mediunm giged, triangular or fusiform
cells with a centrally placed nucleus and scanty Nissl sub-
stance. The cells lie with their long axis directed dorsome-
dially and are assoclated with numerous glial satellites.

The nucleus subcuneiformis presents & similar picture Wb can
be distinguished by the presence of a few large cells, some

of which have sn eccentric nucleus and peripherally arranged
Nissl granules, and by a lesser degree of cellularity and of
glial satellitosis. By keesping to the medial side or to the
center of this nucleus, the exposed tip of the electrode would
be clear of the red nucleus, the brachium conjunctivum decus-
sation, the substantia nigra and corticospingl fibers, and

finally of the medial lemniscus.
The electrodes were O.1 ma, in diameter with an ex-

i
|
i
|
i
!

posed tip 1 mm. in lenght and an interelectrode distance of
0.75-1.0 mu, The two platinum wires were insulated in separate
glass capillaries and they were held together and to a metal
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electrode tract is similar to that
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. Nucleus cuneiformis.

. Griseum centrale mesencephali,

3, Nucleus colliculi inferioris,

L, Nucleus subcuneiformis,

5, Nucleus tegmenti pedunculopontinus,
Tractus tegmenti centralis,

Nucleus nervi trochlearis,
Fasciculus longitudinalis medialis,
. Decussatio pedunculorum cerebellorum superioris,
10, Nucleus interpeduncularis,

11, Griseum pontis,

12, Pes pedunculi,

13, Lemniscus medialis.

E.T, Electrode tract.
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rod by ordinary ssaling wax. The rod wae fixed to the
stereotaxic holder and the electrode was introduced into
the brainstem through a burr hole in the skull. The site
izplantation was at the frontal plane U or 1 plus of the
Horsley Clarke cooordinates, 2.5 mm. from the midline. The
stereotaxic atlas of Jasper and Ajmone-Marsan was used for
this orientation, (11). The depth was determined by the
length of the prefabricated electrode, usually 18 mm, The
electrode was lowered into the brain until the sealing wax
touched the dura and was then fixed in the burr hole with
dental cement. Touching the metal rod with a soldering iron
readily released it from its sealing wax attachment, Two
{nsulated wires led from the electrodes to a small sceket
{mbedded in a plexiglass headdress over the closed skin
incision.

Stimulations were started on the second postopera-
tive day. The cats were lightly anaesthetized with 0.5 cc.
of a 5% solution/Kg of Nembutal given intraperitoneally and
suspended in a specially constructed hammock. (Fig., 2). If
struggling was still present at this level of anaesthesia,
the dose was increased by additioms of 0.5 cc. until the cat
lay quietly in the sling. Pinch reflexes were always present
in the four limbs during the experiment. The head usually
drooped and was supported in a separate sling.

The stimulations were carried out on three separate
days, Unipolar squars waves were obtained through a Grass

Stimulator model S4D coupled with a Stimulus Isolation Unit
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Fig.2

Equipment used for the study
of patterns of wovenment,
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model SIU-4B. The positive pole was shifted from one to
the other electrode at each stimulation, An interval of
2 (occasionally 3) minutes was present betwsen the begin-
ning of each stimulation. The latter lasted 20 seconds.
The usual parameters of stimulation were of the
order of 500 cps with an impulse duration of 1 msec., and
of 50 cps with an impulse duration of 5 msec, The frequen-
cies yielding typical changes in the time relationships of
the movements were chosen. The impulse duration was deter-
mined according to liihailovic and Delgado (16) who showed

thresholds for movements from subcortical areas to be at

their lowest at impulee durations of 1.0-5,0 msec. 1,0
msec, was the maximum duration possible with the stimulator
of 500 cps. Since threshold diminishes with increasing
frequency and pulse duration, 5,0 msec, wae used with 50
cps to render the thresholds at both frequencies mors compa-
rable,

Svimulations were started at O.5v, and increased
with 0,5v, increments until a fully developed movement ob-
tained, and even a few steps beyond this level., This was not
always possible, for a prohibitively viclent movement was
sometimes seen before or just at the appearance of the complete
movement, Moreover, whether the movement was complete or in-
complete, vioiont or moderate, increases in voltage were not

pursued higher than 2,5-3,0v, above the forelimb threshold.
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A postbrachial section of tie spinal cord was

shom then performed st the lavel of Thl or Thi, on six of the
' orly ten cats. The operations were made under Nembutal anass-
0) 8 thesia. The spinal cord was exposed by removing the spinous
anin process and laminae of the 3rd or the 4th thoracic vertebra.
It was then raised away from the body of the vertebra and
1eb0 completely severed.
02 1o Stimulations, with observations and recordings,
eeld wers again carried out on 2 or 3 ssparate days, as before
a ot the lestion.
boiin The animals were then sacrificed and microscopic
feewd sections of the midbrain wers cut and stained with Cresyl
thedd Zoht Violet for cells and Heidenheiw for fibers, to deter-
2988 nine the exact aite of the lesion.
o0t 10
oot METHOD OF RECORDING
o7 292 I.The nature of the movements
-elds It became at once apparent that it would not be
sufficient to describe the movements in terms of flexion or
0 d3v extension of ons or the other limb, Indeed the most common
Dbenied sovement s observed were more complex than expected and coa-
eyswle sisted in a combination of flexdd and extended joints in the
alisnce same limb. It was therefore necessary to kesp records of all
nemevon joints. The following system of motation was used.
330 [amod

bausIug
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1imb,
CF refers to the contralateral fore-

A ETA N
Abwe

#1, 2, 3, 4, refer to the shoulder,
elbow, wrist snd toes respectively.
£ indiecates flexion; e indicates
extension.

Anteflexion and retroflexion of the
shoulder are considered as extension

and flexion respectively.

Thus IF £12e3) describes a movement of the ipsilateral fore-
1imb consisting of flexion (retroflexion) of ths shoulder
and elbow, and extension of the wrist and toes.

Hindlimb movements in the “"mormal™ unoperated cats
are irrelevant to this investigation because they are absent
after the postbrachial sections. They are therefors not
reported except to note their presence and their tresholds
relative to the forsliabs.

Two frequent patterns of movement require a word
of explanation.

1) CF el234: Becauss of a slight internal rota-
tion of the forelimb when it hangs in the hammock, extension
of the elbow usually brings about an apparent abduction. It
1s evident however that a true abduction of the limb from the
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shouldar is sometimes obtained (especially when associated
with flexion of the eltow), It has not been attempted vo
distinguish between a true and an apparent abduction in the
case of an axtandad elbow. All are recorded as equal.

2) IF fl2e34; Because of the same internal
rotation of the forslimb, flexion of the elbow often tends
to bring the paw close to or past the midline, This addue-
tion is not as marked as the abduction described above and
though always present has usually not been recorded because
it was neglizible.

Three types of patterns will bs described.

1) A simple movement is one in which all joints
give the same rovemert: flexion or extension.

11) A composite movement is one in which at least
one joint behaves differently from the others.

" 411} A compound movement is one in which at least
ona of the joints has a movement reversal, i.e., flexion to
extension, or vice—vefsa, before cessation of stimulus. This
1s usually seen at voltages above threshold.

N.B. A fully developed movement is one in which all joints
show moveuent .
II - The time relationships

At the two most employed fraquencies, very different

time relationships were seen. At a frequency of 50 cps and

a duration of 5 msec. {50:5), the movements vsually begin after
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s variahle latenay and proceed slowly to increase in size
until a maximal smount of development is reached, This
maximal development is maintained for the full time of
stimulation and upon cessation of the stimulus the limb falls
back to its original "normal® position. A maximally deve-
loped movement is either a fully or an incompletely developed
movement in which the joints involved have reached the maximal
{ntensity of movement (in time).

At a frequency of 500 cos, and a duration of 1 msec.
the movements usually appear suddenly without latency and
increase in sise abruptly to reach a naximal development
alwost immediately. They are however not maintained in this
position for the full time of stimulation but bagin to peter
out slowly, somstimes returning to the original position
befors, sometimes only after the end of stimulation.

Four timings were recorded during the sovenmt of
both forelimbs at both frequencies mentioned, The values
reported represent averages of the recordings on the two or
three days of stimulation.

1) Latency: The time elapsed between the onsst
of stimulation and the indtiation of the movement.

14) Maxiwum: The time, from the onset of stimu-
lation, st which the movement of a 1imb has reached ita
paximal developaent.

{41) Time of effect (T.s.)t The time, from the
onset of stimulation, at which the maximally developsd movement
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iv) Normal (N.): The time, from the onset
of stimulation, at which the limb is completely back to
These timings are very gross and were deternined
aceording to the seconds hand of a wrist watch., Below 5

geconds they ars correct within plus or minus 4 second, but
above 10 seconds they may vary by plus or minus 2 seconds.

At values around 10 seconds therefore, changes observed in \
the time relationships after the lesion, must vary by at

least 5 seconds to be of any significance.
Cinematographic records were taken of all cate
(except #XX) on 8 mm. Kodachrome type A colour film, on one,

two Or three ssparate days as reported for each cat.



Y1093
10088
gvods
LEY o4
13 sy

Jeas

199%9)

10 owd

5y

L s SRS

[

e
—

¥

CHAPTER III

RESULTS

CATS #XXI1I, XXII, XXI and iX.
Stimulations performed only in
"normal®, intact aninmals
without cord lesions.




CAT #XXIIX

Weightt 63 lbs.
Electrode implantation: Dec. 14, '59

A £ wwen o bha

Stereotaxic coordinates: Fromial piamie O 2.5 mme 38 Las
right of the midline.

Depth of electrode: 17 ms.
Stimulation experiments: Dec. 16, 18, 21,

Cinematographic records: Dec. 16 and 18,

3ite of electrode: The exposed tip of the electrode was
mainly within the nucleus cuneiformis,
at the level of the oral pole of n.IV.
It encroaches slightly upon the catral
gray medially and upon the nucleus of
the inferior colliculus laterally.

(Fige 3)e

REBULTY

A - Forelimbs
At 50031, on Dec. 16, the fully developed movezent

appeared at L.5ve in the form of IF f12e¢3, and CF fi2e3) with
abduction. The threshold for the forelinbs was LeOv., and
yielded IF £2 and an {11-defined CF abduction. On Dec. 18,
the fully developed movement was present at 3.0v. The thres-
hold at 2.0v. yielded an ill-defined CF abduction. On Dec.
21, the fully developed movement was present at 3.0v. The
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threshold at 2.5v. yielded IF f2, The maximum voltage used

ca the thrss days were thoss at which the fully developed
movement appearsd.

There were no latencies. The maximal development
ocourred within 1 sscond and began to peter ocut after 5 to
10 seconds. The limbs were beck to normal before the end of
the stimulation at threshold (10 to 16 sec. in CF and IF
respectively). At O.5v. above threshold, they fell back to
normal only & seconds after cessation of the stimulus.

At 5015, on Dec. 16, the fully developed movement
appeared at 4.5v. in the form of IF flRe34 and CF £12e3)
with abduetion. The threshold was at 2.5v. and ylelded CF
abduction. On Dec. 18, the fully developed movement appesrsd ‘
at 3.0v. The threshold at 2.5v. yielded CF ebduction with IF |
£12. On Dec. 21, the fully developed movement was at A«5v.
The threshold at 3.5v. ylelded CF £2 with abduction and IF
£12. The maximua voltage used on the three days was 0s5v.
above that required for the fully developed movement. It
should be noted that at threshold, it was somstimes difficult
to decide whether the movement consisted of extension or
flexion in the contralateral elbow. Its obvious though alight
flexion at higher voltages made us decide to record it as a
flexion, although the general movement of the limb at both
frequencies was more similar to the usual f£1e234 with abduc-
tion found in the contralateral forelimb than to the IF fl2eli
found in the ipsilateral forelimb. (ses CAT #XXV, £1g420).
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to 2 seconds at threshold which disappeared at U.5v. above
threshold. The maximal development occurred at 7 to 8
t throshold. It rapidly decressed

to 2 seconds in CF at 0.5v. above threshold, while it remained
a8 high as 5 seconds in IF at 1.0v. above threshold. The
movement was well maintained for the full time of stimulation
except at 1.0v. above threshold in CF where it began to peter
out at 12 seconds. The CF fell down to normal within 1 second
after cessation of the stimulus but IF came down very slowly
and was not "normal® until 5 to 10 more seconds. On Dec. 21,
however, all these time relationships were disrupted. There
were no latencies; the limb reached its maximal development
within 1 second after the onset of the stimulus; the movement
was well maintained for the full time of the stimulation sad

fell to normal within one second after cessation of the stimulus.

B - Head movements
On the three successive days of stimulation, the
pupils dilated, the eyelids and the nictitating membranes
retracted, and the head turned contralaterally at both frequen-
cies. Thresholds were lower than for the forelimbs.
¢ - Other movemants
1 - Hindlimb movements appeared at threshold values
greater than those of the forelimbs.
11 - The tongue protruded continually during the sti-
mulation session and there wers usually licking movemerts

{mmediately after cessation of the stimulus.
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There wers ne tall movaments,
The body did not turn.

Occasional urination was recorded.

[ powy |

Shivering and coarse tramors ware present in

all 1imbs within one half hour after the beginning of the

stimulation session., They were arrested during the actual

stimulation even at subthreshold values.

vii -

There were no moanings during the stimulations.
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Fig.} Site of electrode in midbrain of
CAT #XXIIX
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CAT #XXIX

Weight: 63 lbs,

Llectrode implantation: Nov, 30, '59,

Stereotaxic coordinates: Frontal plane 1, 2,5 mm, to the

right of the midline,

Depth of the electrode: 18 mm,

Stimulation experiments: Dec. 2, 3.

Cinematographic records: Dec. 2.

Gite of electrode: The exposed tip of the electrode was
situated mainly within the nucleus
cuneiformis, at the level of the cludil
pols of n.IV. It encroaches slightly
upon the central gray medially and the
nuclous of the inferior colliculus

laterally. (Fig. 4).

RESULTS
A - Forelimbs
A% 500:1, on Dec., 2, the fully developed movement
appsared at 3.5v. in the form of IF f12e34 and CF fle23i
with abduction (see cat XXV, fig, 20). The threshold for
the forelimbs was 2,5v, and yielded IF f12 and CF @2 with
abduction, The maximum voltage used was 1.5v. above that
required to obtain a fully developed movement. Un Dec. 3,
the fully developsd movement appsarsd at 3.0v, (the maximum

voltage used), The threshold at 2,Uv. ylelded IF f12,
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There were no latencies. The maximal development
oseurrad st 2 seconds st threshold, tut was within 1 second
after a O.5v. increase. It began to peter out at & seconds
{n both 1imbs, IF often preceding CF. This time was shor-
tened with inersasing voltage. The limbs were dack to
their original position only after cessation of the stimulus,
usually within 1 second.

At 5015, on Dac. 2, the fully developed movement
appeared at 5.0v. in the form of IF £12e34 and CF fle23h
with abduetion. The threshold was 3.0v. and ylelded CF 2
with abduction., On Dec. 3, the fully developed movement
appeared at 4oOv. The threshold at 3.0v. yielded IF £12 and
CF o2 with abduction. The maximum voltage ussd wers those
required to obtain a fully developed movement.

Latencies of about 5 seconds wers present in both
1isbs at threshold (Chart #VI, a). These latencies disappeared
in IF upon raising the voltage by 0.5v., but parsisted in CF,
though diminighed, until the voltage had besn increased ¥y
1.5v. The movement roached its maximal development in wth
1inbs at 10 ssconds st threshold, but this time was steadily
decreased with increasing voltage and it was finally within
one second at 1.5v. above threshold, This position was well
naintained for the full time of stimulation at threshold and
0.5v. above threshold. At 1.0v. and 1.5v. above threshold,

however, it began to peter out after 15 seconds. The limd fell
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back to its original position within one second after cessa-
tion of stimulus at all voltages in doth limbs.

B - Head movenents

Oz Shs W0 days of stimulavion, the pupils dilaved,
the eyelids and ths nictitating membranes retracted and the
head turned ipsilaterally at Yoth frequencies. On the first
day poststimulatory reversals were present at 50:5. Ocoa-
gional comtralateral head turns were also observed at this
frequency, Threshold were lower than those of the forelimbs.

C = Other movements

i - Hindlimb movements appearsd at threshold values
higher than thoss of the forelinmbs.

ii - The tongue protruded continually during the
stimulation session and thers were usually licking movements
inmediately after cessation of the stimulus.

114 - The tail went up and to the right.

iv - The body curved with the concavity ipsilaterally.

| v - Urination was recorded on Dac. 2 only,

vi - Shivering and coarss tremors were present in all
linbs within one half heur after the beginning of the stimue
lation session. They were arrested during the actual stimulge
tion period even at subthreshold values.

vii - There were no moanings during the stimulations.
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Fig.4 oSite of electrode in midbrain of
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Weights 7 lbae

Klactrode implantations Love 16, 5%

Stereotaxic coordinatess Frontal plane lody Zed mme U0 TitS

right of the midline.

Depth of electrodes 18 mm.

Stimulation experimentss Nov. 18, 19, 20.

Cinematographic recordsi Hov. 20.

Site of electrode: The very end of the exposed tip of the
electrode enters the nucleus cuneiformis
at the lavel of the caudal pole of n.IV. \
The rest of the tip encroaches considerably b
upon the central gray nedially, and the |
nucleus of the inferior colliculus laterally.

RESULTS

A - Forelimbs
At 500:1, on Hov,. 18, the fully developed movement

appeared at J.5v. in the form of IF elf2e3,. CF gave no
movement. The threshold was 2.5v. and yielded IF £2. The
naximum voltage used vas Le5ve On Nov. 19, the fully developed
movement appeared at the threshold valus of 2.5v. in the forn
of IF elf2e34. At 3.0v. however, this movement was changed to
IF f12e34. CF gave no movement. on Hove 20, the fully deve-

loped movement appeared at the threshold valus of 2,5v. in the
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this vwitage CF now appeared as I1e234 With &uaud
The maximum voltage used on the last two days was 3.0v,

Only the time relationships of IF can be given be-
cause of the scanty data on CF, There was a 1 sacond
latency at threshold which readily di sappeared at O.5v.
above threshold. The movement was maximally developed at
2 seconds at threshold, but this time was shortened to
within 1 sscond at 1.0v. above threshold. This position
was well maintained for 13 seconds at threshold but petered
out after 8 seconds from O.5v. to 2.0v. above threshold.
The 1imb fell to its original position within 1 second after
cessation of the stimulus.

At 5015, on Nov. 18, the fully developed movement
appeared at 4.Ov. in the form of IF f12e34. CF gave 1o
movement. The threshold was 3.5v. and ylelded IF £2. On
Nov. 19, the fully developed movement appeared at 3.5v. in
the form of IF f12e34, and CP fle2)i with abduction. The
threshold was 3.0v. and yielded IF f2 and CF o2 with abduc-
tion. On the 20th, the fully developed movement appearsd
again with stimulation at 3.5v, in the form of IF £12034 and
CF fle234 with sbduction. The paximum voltage used was L.Ove,

3,5v,, and 4.Ov, on the three successive days.

There were latencies of 4 and 2 seconds in IF and CF
respectively at threshold. The CF latency disappearsd with a

voitags incrssss of T.5vs The IF lmtency DErSLELEaG Al & Valud
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of 1 second even ab 1.0v. above threshold, The maximal

- - - P - — d I I Y X ol [a) [}
aevelopmenv wag raachcﬁ av o wu‘.‘\ l'a» ssconds in w n:‘sﬂ ce

ging voltage. This position was well maintained for the
full vime of stimui=ztion ab viresnvid, bubl bsgan WO peter
out earlier (16 sec.) in IF at O.5v. - 1.0v. above threshold.
B - Head moveuents
On the thres successive days of stimulation, the
pupils dilated, the eyelids and the nictitating membranes
retracted and the head turned ipsilaterally at both frequen-
cles. Poststimulatory reversals occurred on the first two
days at 5015 and on the first day only at 5001, Thresholds
were lower than those of the foreiimb.
C = Other movements
{ - Hindlimb movements appearad st thresiolds higher
than those of IF. The ipsilateral hindlimb however had thres-
holds lowss than the contralateral forslimb.

11 - The tongue protruded continually during the stimu-

lation session and there were usually licking movements imme-
diately after cessatdn of the stimulus.
{41 - The tail went up and to the right.
iv - The body did not curve.
v - Urination was occasionally observed.

vi - Shivering and coarse tremors were present in all

o amnire s ek Sras s
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14mbs within one half hour after the begiuning of the sbi-
mulation 8e8gion. They wers arrested during tha astual
stimulation even at subthreshold values.

vii - There were no moanings during the stimulations.
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Weight: 63 1bs.

Electrode implantation: Nov. 16, '59.

Stereotaxic coordinates; Frontal plane 1, 2.5 mie to the
right of the midline.

Depth of electrode: 17 mm,

Stimulation experiments: Hov. 1l and 12.

Cinematographic records: nil.

Site of electrodes The exposed tip of the electrode was im-
planted laterally in the depth of the
nucleus of the inferior colliculus at the
periphery of ths section. It reaches a
group of cells ventral to this nucleus and
lateral to the lateral lemniscus, which can
be seen at this level, bending medially
towards the inferior colliculus. That group
of calls seems to correspond in the cat o
the nucleus sagulum described in man by
Olssewski, This obtains at a level caudal
to n.IV in the region of the nucleus coeruleus.

RESULTS

A - Forelimbs
At 500:1, a fully developed movement was never ob-
tainsd at the voltages used. On Nov. 11, IF £12 and CP el2
with abduction appearsd at the threshold value of 9.0v. The
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on Nov. 12, only IF £12 was present at the thresnold vaius
of 1lv. CF el2 was not obaserved until the maximum voltage
uasd. {.a.. 15v.

only the time relationships of the IF can be given
because of limited data on CF. Latencies of 4 to 5 seconds
were present. They were followed within another second by
the maximal development of the movement. This was well
paintained for the full 20 seconds of stimulation. The limb
foll back to normal within 3 seconds after cessation of the

stimulus.

At 5035, a fully developed movement was never obtained

at the voltages used. On Nov. 11, IF £12 and CF el2 with
abduction appeared at the threshold value of 10v. The saue
obtained till the maximum w;.tago used, 1.0, lkv. On Nov.
12, IF £12 appeared at the threshold value of 13v. CF el2 was
not observed until the maximum used, i.8., 15v.

There were latencies of 4 seconde in IF and of 8
geconds in CF, The maximal development followed within 2t 3
more seconds and was well maintained for the 20 seconds of
stisulation., The limbs fell back to normal within 2 to 5

geconds after cessation of stimulus.

B - Head movements
On the two days of stimulation, the pupils dilated,

the eyelids and the nietitating membranes rctracted smd the

’
o
8

head turned ipsilateraily at both frequencies. Thers W
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poststimulatory reverasls. Thresholds were the same as for

¢ - Other movements
{ - Hindlimb movements appeared ab threshold higher
than those of the forelinbs.

{4 - The tongue protruded continually during the
stimulation session and there were usually licking movements
{mmediately after cessation of the stimulus.

444 - The tail went up and to the right.

iy - The body curved with the concavity ipsilaterally.

¥ - Urination was not observed.

vi - Shivering or coarss tremors wers not observed.

vii - There ware no moanings during the stimulations.



RETI )

el de

harmd

CATS #LIVII, XXVI, XV,
11V, XIX and XVIIL,

Stimulations performed befors
and after the postbrachial sections.




il pac

A o
A RS ot A

- 38 =~
GAT #RAVIT
Weights 7 ibae

Electrode implantation: Feb. 22, 960,
clgne 0, 2.5 m. tO the

Stereotaxic coordinavesi Frouval
right of the midline.

Depth of electrode: 18 mm.

gtimulations of the "normal” cat: Feb. 24, 25, 26.

Postbrachial section: Feb. 29, Level of Theke

Stimulations after the cord gactions Hareh 1y 25 3e

gite of electrode: The exposed tip of the electrode was
situated mainly within the nucleus
cuneiformis av the level of the caudal
pole of n.IV. It encroaches slightly
upon the central gray medially and the
nucleus of the inferior colliculus

lateral 1¥ ®

RBSULTS

l¢ The "normal® cat.

A - Forelinbs
At 5001, on Febe 24, the most complete movenant

obtained, appeared at 2.5v, in the forn of 1F £12 ard CF

£10234 with abduction. The threshold was 2.0v. and yielded

CP fle23L with abduction. The maximun voltage used was 3.5v.

On Feb. 25, the sme nearly complete movement was present from
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the thrashold value of 2.5v. to tho maximum voltage used

Ov.). Results obtained on Feb. 26, with a wider range

-
vy

There were no latencies. The maximal development
occurred within 1 sscond after the onset of the gtimulus.

It began to peter out from 13 to 15 geconds later in both
1imbs (Fig. 9, 10, 11). The limba were back to their original
position only after cessation of the stimulus, usually after
a few seconds.

At 5035, on Feb. 2, the most complete movensnt
obtained, appeared at the threshold value of 3.0v. in the forn
of IF f12 and CF fle23l with abduction. The maximum voltage
usad was 3.5v. On Peb. 25, the same movement appsarsd at
3.5v. (the maximum voltage used). The threshold was 3.0v.

and ylelded only CF 2 with abduction.
Latensias of 3 and 2 seconds wers preseant at thres-

nold and O.5v. above. The movenent reached its maximal inten-
sity in both limbs at 10 geconds and was well maintained in
this position for the full time of stimulation (Fig. 6, 7)o
The 1imb fell slowly back to normal, returning to its original
position at approximatd y 10 seconds after cessation of the
stimulus,

B - Head movements
On the three days of stimulation, the pupils dilated,

the eyelids and the nictitating membranes retracted and the

i
i
1
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haad turned to the contralateral side. The thresholds
were lower than those of the forslimbs.
¢ - Other novements
{ - Hindlimb movements appeared at thresholds
higher than those of the forelimbs.

ii - The tongue protruded continually during the
stimulation session ahd thers were usually licking moveaents
{mmediately after cessation of the stimulus.

{11 - The tail went up and to the right.

iv - The body curved with the concavity ipsilate-

rally.
v - Urination was occasionally observed.
vl - Shivering or coarse tremors were not observed.

vii - Moanings were present at each stimulatien.

2. After the cord ssction.
A - Forelimbs
At 50031, on March 1, the most complete movement
obtained, appeared at 5.5v., in the form of IF £12 and CF
¢lf2. The threshold was 5.0v. and yielded CF elf2, The
maximum voltage used was 6.0v. 0On March 2, the only movement
obtained was IF f12 at a threshold valus of 7.0v. The maxi=~

pun voltage used was 12.0v.e On March 3, the movements were

again as on March 1.
Thers were no latencies and the maximal development

occurred within one second after tho onset of the stimulation.
nd was back to normal at
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18 seconds at threshold and one second after cessation of
the stimuius at O.5v. above threshold.

At 5035, on March 1, the most complete movement
obtained, appeared at 6.0v. in the form of i¥ fl2 and CF
elf2, (Fig. 8). The threshold was 5.5v. and ylelded only
CP elf2., The maximum voltage used was 8.0v. On March 2,
no stimulations were made at this frequency. On March 3,
the movements were essentially as described on March 1.

Both forelimbs had a latency of 4 seconds at (and
0.5v. above) threshold. This fell to two seconds from 1.0
to 2.0v. above threshold., The time for the maximal develop-
ment was 10 seconds at (and 0.5v. above) threshold and was
shortened to 6 seconds from 1.0 to 2.0v. above thresheld,
This position was maintained for the full 20 seconds of sti-
mulation. The limd regained its original position within
1 second after cessation of stimulation at threshold but
required 5 seconds at higher voltages.

B - Head movements

The pupils dilated, the eyelids and the nictitating
membranes retracted, and the head turned contralaterally on
both days and at both frequencies.

C =« Other movements
All disappeared except the tongue movements.
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5:{.5 CAT #XXVII Bormal
giaal position
Feb 2} !

o7 CAT #XIVII Normal
8 Siens 5015 3.5v,
Ny the sams posisd

& sams =
as £1g.6 at the (T
cond of stimulation,
There is 20 petering out
of the Eoveseat,

& -

Mg.6 CAY FXXVII Norsal
Stimulation: 5015 3.5v,
Feb, 2% ¢

Notico axtension of the

. olbow, wrist and toes
and abdust

don of the cen~
sealatersl feralishy
elevation of the paw of
the ipsilateral forelimh
consequant to flexion of
the sheulder and slbevw,
Kaximal development at
1k mssends, .

§ tion: 5035 12.0v,
Mareh 1 160

Eovanms of the sontratateral
oV of the : _,
forelimd: the shoulder is
sxtended and the elbow
flexed, There 48 Ro ohange
11:.;&0 ipsilaseral fore-

Naximal development at
9 seconds



Fig,5 CAT #XXVII Normal Fig.6 CAT #XXVII Normal

Original position Stimulation: 50:5 3.5v,

Fehe2L 160 : Feb,2l 160
Hotice extension of the
elbow, wrist and toes
and abduction of the con-
tralateral forelimb;
elevation of the paw of
the ipsilateral forelimb
conseguent to flexion of
the shoulder and elbow,
tlaximal development ab
1, seconds,

Fig.7 CAT #XXVII Hormal Pig.8 CAT #XXVII Lesion

Jtimulation: 50:5 3,5v. Stimulation: 50:5 12.0v,
Feb,24 '60 Mareh 1 160
Exactly the same position Notice the change in the
as fig,6 at the 20th se- movement of the contralateral
cond of stimulation, forelimb: the shoulder is
There 1s no petering out extended and the albow
of tho movement, flexed, There is no change
in the ipsilateral foree
1imb,

Kaximal development at
9 seconds
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Pig.9 CAT #XXViI Hormal Fig.10 CAT FXIVII Rormal
ssmngm 500:1 3.0v, Stimlatien: 500:1 3.0v,
Fed,2h ¢ Fob,24 60

Notice axteasion of the ‘Sane moveneat as f£ig.9
elbow, wrist and toes wvith slight petering
and eﬁdastiea of the ason- cut of ths moveseat at
tralateral forelimd; 13 seconds,

elevation of the paw of

the ipsilatera)

conssguent to flexion of
the shoulder and elbow,
Naximsl development
within 12 seconds,

Pig.1l CAT #XXVII Normal
Sﬁnht : 500351 3.0v,
Poh 2L ¢

Purther petering out of
the movemant at 20 seconds



Fig.9 CAT FXAVII dormal
Stimulation: 530:1 3,.0v,
Feb,24 160

Hotice extension of the
elbow, wrist and toos
and abducticn of the con-
traleteral forelimb;
elevation of the paw of
the ipasilateral forelimb
consequent to flexion of
the shoulder and elbow,
Haximal development
within 1} ssconda,

FlgedO CAT AXXVIT Hormsl
Jtimulation: 500:1 3.0v,
Feb,24 60

Sane movement as fig,9
with slight petering
out of the movement at
13 seconds,

Flg. 11 CAT #XXVII Normal
timulation: 500:1 3,.0v,

Peb,2 60

Further petering out of
the movement at 20 seconds
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1{ CAT fIXVII Nermal Pig.13 CAT fLXVII Normal
Peb 2 tv’-ml 5&0!0.1. ’oo" '*mtiﬂlB 5%!001 3-0'0
Su; unnns as at 500:1, | !m.ico sarked patering

o9 ‘out of the movement
Maximal developmeat within 4 seeond,

within § second,




Fige1l2 CAT #XiVII dormal
Stimulation: 5000:90,1 3,0v,
Peb,26 160

Same movement as at 500:1,
£ig.9.

Maximal development

within } sacond,

Pig.13 CAT +ZAVII Normal
Stimulation: 5200:0,1 3.0v,
ffab,26 140

fotice marked petering

cut ¢f the movemant

within 2 second,
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CAT #44VY

petinaion | . |y

Weignts 74 lba.

blectrode implantation: Feb. &, %60,

Stereotaxic coordinates: Frontal plane 0, 2.5 mm., to the
right of the midline.

Depth of electrode; 18 mm,

Stimulations of the "norual® cat: Feb. 10, 11, 13.
Postbrachial section: Feb. 15, level of Th.4.
Stimulations after the section: Feb. 16, 17,
Cinematographic records: Feb. 1C, 11, 13, 16, 17.

Site of electrode: The exposed tip of the electrods is
situated ventral to the rostral pole of
the inferior colliculus at the level of
the oral pole of n.IV, It is well
within the depth of the nucleus cunei-
formis, (Fig. 16), and enters the

nucleus subcuneiformis.
RisSULTS

1. The "normal" cat.
A ~ Forelimbs
At 500:1 on Feb. 10, the fully developed movement
appeared at 2.0v, (the maximum voltage used) in the form of
IF £12(e34) and CF f12e34 with abduction., The threshold
value for the forelimbs was l.5v. and yielded IF f2. On Feb.




. 4b -

11 and 13, the complete movement, appeared quite violently
at the threshoid vaiue of 1.0ve This was Vhe mauisua
voltage used. The same remark applies to CF fl2e3) a8 was
made for cat no. XXIll.

The movement was in the form of a jerk: there
wers no latencies, the maximal development of the movement
and its return to the original position usually occurred
within one to two seconds. (Chart #VI, ¢).

At 5035, on Feb. 10, the fully developed movement
appesrad at 4.Ov. in the form of IF £12e3, and CF €123, with
abduetion, (#ig. 15). In the former, the flexed elbow began
to reverses towards extension after a few seconds latency,
rexuiting in a marked extension-flexion tremor of this jelnt.
There were no changes theresafter with voltage increases up t0
6.5v. The threshold was 3.0v. and yielded IF £2 and C? o2 with
abduction. On Feb. 11, the fully developed movement appearsd
at the threshold value of 2.5v. The maximum voltage used was
3.5v. On Feb. 13, the fully developed movement appeared at
3.0v. The threshold at 2.5v. ylelded IF £2 and CF e2 with
abduction. The maximum voltage used was 4.Ov.

At this frequency there was a two seconds latency
in IF gnd a four seconds latency in CF at threshold. The
former disappearsd with an increase of 0,5v., but the latter
only at 2.0v. above threshold, It took & ssconds for the
movements t0 arrive at their maximal development at threshold

Leie bk
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values. This time wag shortened with inereasing voltage
until 1t was within one second st Z.U - Z.5v. atove thres-
hold. The movements were not held at their maximal develop=
ment till the end of the stimulation but began to peter out
at about 18 seconds at threshold, this time being diminished
to 15-16 seconds at 2.0 -~ 3.0v. above threshold. Both limbas
fell to normal within one second after cessation of stimulus.
B - Head movements
On ths three days of stimulation, the pupile 4ilated,
the eyelids and the nictitating membranes retracted and the
head turned ipsilaterally at both frequencies. The throlhbld.
were lower than those of the forelimbs.
C - Other movements
i - Hindlimb movements appearsd at thresholds higher
than thoss of the forslimbs.

11 - The tongue protruded continually during the sti-
mulation session and there were usually licking movements
imnediately after cessation of the stimulus.

111 - The tail went up and to the right.
iv - The body curved with the concavity ipsilaterally.
v = Urination was often recorded during the stimu-
lation.
vi - Shivaring or coarse tremors were not obhssrved.

vii - There were no moanings during the stimulations.

2. After the cord section.

A - Forelimbs
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At 50051, on Feb. 16, the most complete movemeit
obtained, appeared at 4:5V. in the form of IF flRs3% an
CF £2 followed after 5 to 8 seconds by e2. The threshold
waa 3.0v. and yielded IF £2 and CF @2 with abduction. The
game movements were prasent on the 17th except that the
thrasholds were lowered by 0.5 to 1.0v. and that the fully
developed movement, at 4.0v. in CF, gave f2 followed by a
more fully developed el23k.

There were no latencies. The maximal development
was reached within one second. This was maintained for 12 to
1, seconds, coming back to normal before the end of the sti-
mylation at threshold values (chart #VI, ¢). 1.0v. above
threshold, the limb fell to normal only after cessation of
stimulus.

At 5035, on Feb. 16, the most complete movement
obtained, appeared at L.5v. in the form of IP f£12e3i and CF
e2. The flexion of the elbow was compounded into exieamsion
after a few seconds latency in the form of a coarse tremor.
CF was also compounded, 62 being preceded for a few seconds
by £2 (Fig. 16 and 17). The threshold was 3.5v. and yielded
IF f12e3L. The maximum voltage used was 5.0v. On the 17th,
the same movements were observed but at voltages 0.5v. lower,
At L.Ov. CF £2 was followed by a more fully developed 6123k,

A latency of 2 seconds was present at threshold for

CF. The maximal development of the movements occurred at 10

seconds but this bims was ingreased to 20 saconds at 2.0v,
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above threshold. It was well maintained for the full $ims

1renoa . of stimuiation. The ii

2% w0 gacond after cessation of the stimulus.

boage L
S ‘ B - Head movements
W :
The head turned to the contralateral side of the

stimulation on both days and at both frequencies.
C - Other movements

All disappeared sxcept the tongue movenent.
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7ig.16 CAY FXIVI Lesi
S&é;nlllt 5013 7-0:
reb,16 160

Notice flexien of the elbow
of the eontralateral fore-
ilad as the first compo-
Lo hia e

w pailate-
ral Omo

Fig.15 CAT #XIVI Xormal
Stimalation: 5015 3,5v,
Feb.10 60

Extension of all joiuts
and abdustien of the ¢on~

© tralatersl forelimb,
- Elevation of the paw of

the tmns::-;l M’?I
ceasequent axion
the shoulder and sldbov,
Maximal positien at

5 seconds,

17 AT FXIVI Lesion
8t tisn: 5015 7.0v,
Feb.)6 160

Notice extension of the
olbow of the contralate-
ral forelimd as the se~
cond component of the
conpound movement (at 19
seconds), -
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FAgo b CAT FASVE Laszion
Original position

rs
Fah, 16 160

Pig 16 CAT FAXVI Lesion
Stimuiation: 50:5 7.0v,
Fob,16 160

fotice flexion of thy wibse
of the comvrelateral forae
limb as the [irpst rcoopoe
nent of a compound wevYee
wmanb; unchanged ipalistos

ral forelimb,

Figels CAT AZAVI Yormal
Stimalation: 50:5 3.5v,
Fobo10 '40

Lxtonsion of all joints
ead adduction of the cone
tralateral foreliab,
inigvation of the paw of
the ipsilateral forelimb
consequent to flexion of
the shoulder and elbcw,
Haximal position at

5 ssconds,

#1g417 CAT #XXVI Lesion
Jtinulation: 50:8 7,0v,
Fab,16 160

jotice extonsion of the
elbow of the contralate.
val forolink ws tho ge-
gond component ¢f the
eompound sovenont {av 19
seoonda ),
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Pig.18 Site of sleetrode in midbrain of
CAT #XXVI
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Weights 7 lbs.

Llectrode implantation: Jane 24, 160

Stereotaxic coordinates: rrontal plane U, 2.5 rm. t0 the

rignt of the midline,

Depth of electrode: 18 mm.

Stimulations of the "normal” cat: Jan. 27, 28, 29,

Postbrachial section: Feb. 1 Level of Thek.

Stimulations aiter the lesion: feb. 2, 3, L.

Cinematographic records: Jan. 28 and feb. 2.

Site of the electrode: The exposed tip of the electrode
was situated mainly within the
nucleus cuneiformis at the level
of the caudal pole of n.III. It
encroaches slightly upon the vary
end of the rostral pole of the
inferior colliculus laterally and
upon the central gray mediazlly.

RMSULTS

1. The ™normal” cat.

A - Forelimbs

At 500:1, on Jan. 28, the fully developed movezent

appeared at 2.5v. (the maximum voltage used), in the form of

IF £12e34 and CF flez3i with abduction. (Fig. 20). The

et msiEa atkisams reamh mamede md K S it 3 S5 3R s an
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thresnold was Z.0v. and yielded IF 1% and GF fleZ3i with

@bducvion. The same obveined on Jane &9, bui &b vaiues
0s5ve higher. The maximum voltage used was 3.5V.

There wers no iavencies. Ine maximai develupment
occurred within 1 second and began vo peter out after 4 teo
6 seconds. The limb was back to normal before the end of
the stimulation {15 sec.) at threshold, but O.5v. above, it
fell back to rormal only after cessation of the stimulus.

At 5035, on Jan. 27, the fully developed movement
appeared at 4.5v. in the form of IF fl2e3l and CF el23.

The threshold was }.0v. and yieldad CF abduction, The maxi-
mun voltage used was 6.0v. On Jan. 28, the fully developed
movement appearsd at 3.0v. (the maximum voltage used), the
threahold at 2.5v. ylelding IF £2 and CF 61234, The same
obtained on Jan. 30, but with voltage increases up to 3,5v.

There were latencies of 4 seconds in both IF and
CF at threshold. This rapidly disappeared in IF at 1.0v,
above threshold, but persisted although diminished in the
CF t4l1l1 3.0v. above threshwld., The maximal development was
reached at 8 seconds at tireshold. This time decreased with
increasing voltage and was down to 4 seconds at 1.5 to 2.5v.
above threshold. The movements were well maintained for the
full time of stimulation and fell to normal within 1 second

after cessation of stimulus.




e en s XTI
LRI OYEE
. . &)
prnt AL

S ey
3.;. PR I LR

. s €y
IReSGYOR

yLoinaied

L L

B - Head movements
On the three days of stimulation, She pupile dile-

ted, the eyelids and the nictitating membranes retracted
and the head turned contralateraliy. On the 1.¥sv &y
the movement was sometimes preceded by an ipsilateral turn
which finally returned to the contralateral side befors the
end of the stimulation, at 50:5. Thia was never sean at
50011.The thresholds werse lower than those of the forelimba.

C - Other movements
i - Hindlimb movements appeared at thregholds

higher than those of the forelimbs.
14 - The tongus protruded continually during the

stimulation session and there were usually licking movements
{mmediately after cessation of stimulus.
444 - The tail went up and to the right.
iv - The body curved with the cmcavity ipsila-~
terally.
v - Urination was not observed.
vi - Shivering or coarse tremors wers not obsarved.
vii - Yoanings were present during all stimulations

aven vhen a rather larger amount of anaesthetic than usual

was given,

2, After the cord section,
A - Forelimbs

e

e mmeding garae 2omuram
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At 50031, on Febs 2, the fully developed movement
appeared at 3.0v. in the form of IF fl2e3L and CF fle23l with
abduction., The threshold was 2.5v. and yieldsd CF e2 with
abduction. At 3.5v. IF was compounded by a swinging abduc-
tion preceding the original movement (Fig., 21, 22). CF
was also compounded fle234 with abduction being followed by
elf2e3, without abduction {Fig. 21, 22). On Feb. 3, the
movenent was fully developed at 1.5v., the compound mcvement
appearing at 3.5v. On Feb. 4, approximstely the same values
obtained,

Thers vere no latencies. The maximal development,
was reached within 1 to 2 seconds and began to peter out at
3 saconds at threshold, increasing to 6 seconds at 2.5v.
above threshold, The limb was down to normal at & seconds at
threshold but fell to normal only after cessation of stimulus
at higher voltages. (within one second),

At 5015, on Feb. 2, the fully developed movement
appeared at 3.0v. in the form of IF £12e3} and CF 61234 with
abduction. The threshold was 2.5v. ad yielded CFe2., The
maximum voltage used was 4.Ov. On Feb. 3, the fully developed
movement appeared at 3.0v. and the threshold at 2.5v. yielded
IF £12 and CF el2,

Latencies of one t0 two seconds were present in both
forelimbe at threshold. The maximal development occurred st

6 to 7 ssconds in both limbs at threshold, diminishing to 3 to
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5 geconds at 2.0v. above threshold. The posivion vas

maintained for the fuil time of stimuiasion and feil 0

normal within ons sscond after cessation of the stimulus.

B - Head movenents
The head turned contralaterally on the three days

at both frequencies, although a few ipsilateral turns were
recorded at 50:5 on Feb. 3.
¢ = Other movemants
All disappeared except thetongue movements.
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f.u CAT #XIV Lesion
Stimulaeian: S00:1 18w,
Peb,1 '60

Notice the wide abduction
of both forelisbs as the

20 CAT FIXV Formal
fon: 500:1 2.0v,
J“o“ 60
Flexion of the shoulder
and evbenalan af the alo

" bow, wrist and toes of

1zt cemponent of & compound

mnovenent- within § secend
of onset of stimulua,

the contralateral limd,
with abduatien,

Flexion of the sheulder
and olbow and extension
of the wrist and Soes of
the ipsilateral forelim,
Kaximal dev

withia 1 &

«22 CAT /XIV Lesion
8 eas 500:1 3,%v,
Feb.1 !
Notice that the forelimba
are bagk to a mere medial
position as the 24 em
neat of the compound mov
ment~ within 1§ second .1'
oaset of stimalus,



Mgel0 CAT JA5Y Leglon
*riginal pasinion
¥ l)al 'QO

g, 20 CAT YLKV dormal
stimulation: 590:1 2.0v,
Jan.26 Y60

Flexdon of the shoulder
and extension of the aele
bow, wrlst and ©o6s of
the contralateral limb,
with abduction,

'lexion of the shoulder
and elbow and extension
of the wrist and toes of
the ipsilateral forelizb.
faximal developnent
within 1 second,

stimulation: H0U.1 3.0v,

“eb,l o0

Jdotice the side abductios
of both forellmbs as the

Figedl Lal Ay Leslon
13

ist component oi o "OWrwawd

wovenente within - second
Al onset of stimulus,

f1g,22 LAT XAV Lesion
stimulation: 500:1 3.5V,
Fob,1 70

dotice that ithe forelimbs
are back to o more medial
position as the #nd compos
nent of the conpound 1ove-
nent- within 13 second of
nnset of stimnialusg,
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CAT #E51V

Weight 74 1bs.

Electrode implantation: Dec. 28, *59.

Stereotaxic coordinates: Frontal plane 0, 2.5 mm. to the
h right of the midline.

| Depth of electrode: 18 mm.

wat £ Stimulations of the "normal® cat: Dec. 29, 30, '59
Jan. b, 5, 160,

Postbrachial section: Jan. 5. Level of Thek.

Stimulations after the lesion: Jan. 6, 7, 60,

Cinematographic records: Dec. 29, 30. Jan. 5, 6, 7.

Site of electrode: The electrode is dorsolateral to the
central gray within the rostral pols of
the nuclsus of the inferior colliculus
where the intercollicular fibers suddenly
fan out in and around the nucleéus. It

encroaches slightly upon the central gray.

RESULTS
1, The "normal® cat.

A - Forelimbs

3ol
frimd il

aaud

No movements were ever obtained from this cat at
56011 (up o 10v.).

At 5035 on Dec. 29, the only movements obtained were
a rythmic adduction of both forelimbs q. 2 secondss On Dec.
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, tho most complete movamant obtained, appeared a& 6e5v.

5 tha form of IF £12 with adduction and CF f£12 with adduc~

A
€3

pe

tion. The threshold was 5.0v. and yielded only an ill-
defined rythmis adduetion of toth feralimb a. 2 seconds.

The meximum voltage used was 7.5v. On Jan. L, the most
complete movement obtained appeared at 8,0v. and the thres-
hold was &t 6.5v. On Jan. 5, the most complete movement

was at 8.5v. and the threshold, at 7.5v. The maximun voltage
used vas Iiv.

Long latencies of 10 seconds were present at thres-
kold in both forelimbs. This was shortened progreasively to
§ geconds at 2.0v. above threshold. The time for tha maximal
development of the movement was 15 seccnds at threshold, ‘
dininighing progressively to 10 seconds at 2.0v. above thres- |
hold. These were well maintained for the full time of stimu-
lation and fell back to their original ponition within ons
second after cessation of the stimulus.

B - Head movements

On the four days of stimulation, the pupils dilated,
the eyelids retracted, and the head was dorsiflexed symae-
trically. The thresholds wers lower than those of the fore-
limbs.

¢ - Other movements

{ - Hindlimb movements appeared at lower voltages
than the forelimbs in the form of elf2.
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14 - Tha tongue protyuded continually during the
srdmilation session and there were usually licking movements
{mmediately after cessation of the gtimulus.

444 - The tail did not curve.

iv - The body did not curve.

v ~ Urinatioa was a0t observed.

vi - Shivering or coarss tremors were not observed.

vii - There were no moanings during the gtimulations,

2. After the cord section.
A - Forelimbs
At 500:1, no movements could be obtained after the
lesion.

At 5015, on Jan. 6, no movements could be obtainsd

until 10v. when a rythmic adduction of the forelimbs appeared,

of very minimal intensity. On Jan. 7, no movement could be
obtained until 32v. when the same rythuic adduction of the
forelimbs appeared. At 34v., the head turned to the contra-
lateral side and the CF ylelded e2 with abduction. If the
stimulations were continued at 2 minutes interval, this move-
ment would disappear completely, and rest periods of over 15
minutes had to be given between each stimulation for the
movement to be kept at the sams intensity.

Time ~ol:tionehips were not determined in this cat.

B « Head movenments

PRNE= J33 55
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No movements were obtained at 500:l. At 50:5,
the pupils dilated, the eyelids and nictitgting membranes
retracted and the head turned contralaterally on Jan. 7

C = Other movements

All disappeared except the tongue movemenis.
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CAT $XIX

Weight: 78 1bse

A e mdinme A Remal and o
pleciroas dmplantaticon: Oor. 13, 156

gtersotaxic coordinates: Frontal plane U, 2.5 mm. to the
right of the midline.

Depth of electrode: 19 mm.

Stimulations of the "normal® cat: Uct. i, 15, 16.

Postbrachial section: Uct. 18. Level of Thed.

Stimulations after the cord section: Oct. 19, 20.

Cinematographic records: Oct. 15, 16, 19.

3ite of eiectrode: The expossd tip of the slectrode is
gituated ventral to the rostral pole of
the inferior colliculus at the level of
the oral pole of n.IV. It is well within
the depth of the nucleus cuneiforzis
(see cat #XiV1, Fig. 18). The very end
of the tip touches the nucleus subcu-

neiformis.
RESULTS

1. The *normal® cat.
A - Forelinbs
At 500:1, no movements appeared on Uct. lh. On Oct.
15, the most complete movement obtained was f12 from the

threshold vaiue 2.5v. to the maximum voltags ussd of 4.0ve




Snade
a3 PO

BAGE T 35

IR BT TH

I FRUAN G
ERR PR Eh
1 buingsl

MemEensy

10 5is

T WS

orig (4l

DHEEIE

- 63 -

%o CP movements were obtained. (Fig. 25).

There were no latencies. The maximal developmens

was obtained within 1 second after the onset of gtimulation.
It began to peter out at 5 seconds. The 1imbs fell to tvheir
original position after 10 geconds at threshold and 0p5v.
above that value. This occurred only after cessation of the
stimulus at 1.0 - 1.5v. above threshold. (Chart VI, b)e
The same movements and time relationships obtained on Oct.
16.

At 50:5, on Oct. li, no movements were obtained,

On Oct. 15, the most complete movement obtained, appeared at
the threshold value of 2.5v. in the form of IF el234 and CF
o2 with abduction (Fige. 24). The same obtained until the
maximun voltage uscd, 1.8+ 4e0ve On Oct. 16, IF el23L
appeared at the threshold value of 3.0v., and CF e2 with
abduction at 3.5v. At 5.0v., If was compounded, IF f2 pre-
ceding the usual 1234 for a period of 5 seconds.

Latencies in CF were of the order of 8 seconds at
threshold diminishing to 5 seconds at 2.0v. above. The maxi-
mal development was reached at 13 seconds at threshold, quicken-
ing to 10 seconds above that value. There were no latencies
in IF, The maximal development was reached in both at 8 seconds
at threshold. This diminished to J secouds at l.5v. above
threshold, With the appearance of the compound movement however,

this time was lengthened to 15 seconds at 2.5v. above threshold.
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In both iimbs the méximal [OS1Li0n Wad uall maintained for
the full time of stimulation. They foll nacle 0 the original
position within 1 second (occasionally 3 or 5 seconds) after
the end of the stimuialivii.
B - Head movements
On the three successive days of stimulation, the

puplls dilated, the eyelids and the nictitating membranes
retracted, and the head turned ipsilaterally at both frequen-
cies. Poststimulatory reversals were present on the first

day only at 50:5. The thresholds wers lower than those of
the forelimbs.

¢ = Other movements
{ - Hindlimb movementg appeared at threshold higher
than those of the forelimb.

11 - The tongue protruded comtinually during the sti-
mulation session and there were usually licking novenents
{zmediately after cessation of the stimulus.

41 - Tail movements were not observed.

iv - The body did not curve.

v - Urination was not observed.
vi - Shivering or coarse tremors were not obgerved.

vii - There were no moanings during the stimulations.

2. After the cord lesion.

A - forelimbs

At §00:1, on Oct. 19, the most complets movement

obtained sppeared at 4.0v. in the form of IF £12, Ko change
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occurred until the max
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same obtainsd on Oct. 20.

There were no latencies. The time for the naximal
development was 3 58COLUS ab thresheld but ogcurred within
1 sacond at 1.0v. above this value. This position was held
for 8 seconds at threshold, increasing to 18 seconds at 2.0v.
above threshold, The limb was back to normal at 15 seconds
at threshold but this time was prolonged with increasing
voltage o that it fell back to its original position 10
seconds after cessation of the stimulus at 1.5v. above
threshold., (Chart jVI, ble

it 5015, on Oct. 19, the most complete movement
obtained appeared at 5.0v. in the form of IF fl2 and Cf 12
(Flge 26). CF was a bit more flexed at tie elbow and IF, &
bit more at the shoulder bringing the paw of CF in front of
that of I¥. The threshold was L.5v. and ylelded CP 12,
The maximum voltage used was 6.0v. On Oct, 20, the same Ob-
tained for IF but CF movements disappeared complstely.

%o latencies were present in either limbs. The
time for the maximal development in CF was 15 seconds at
all voltages. The position was held for the full time of
stimulation and fell to normal 5 seconds after cessation
of the stimulus. The tiwe for the maximal develcpment in
IF was 10 seconds at threshold but was down to /4 seconds
at 1.0 = 1.5V. above threshold. This position was well
maintained for the full time of stimulation and fell to

normal within 1 second after cessation of the stimulus. (5
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seconds at threshold).
B - Head movements
On the two days of stimulation, the pupils dilated,

head turned ipsilaterally at both frequencies.
¢ - Othe movements
All disappeared except the tongue movenents.
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Fig.23 CAT #XIX Nermal
or position
Oe%,16 159

8¢ tion: 5015 3.2v,
Oot,10 *59

Kotise extension of the

elbow and abduction of

" the eentralateral fore-

25 CAT #XIX Normal
B2 tent 50011 2.8v,

5
Ogtedb 159
Flexion of the shoulder
and elbow of the ipsilate-
ral forelimb, Absence of
movement in the contrala-
teral foreliwb,
Maximal development
within 1 second,

1imd: exteasion of th
shoulder and elbew of

the ipsilateral forelimb

Naximal development at
15 secoads,

Pig,26 CAT #XIX Lesion
Setamla

Oet,.19 59
Noties flexion of both

elbows after the lesioa,

Maximal development at
15 seconds,

tion: 5015 S.5ve j.? |



#1g.23 CAT #X1X liorma’ {ig.24 CAT fXIX Normal

Original vposition Stimulation: 50:5 3.2v,

Jet 10 A9 Oct .16 159
Hotice extension of tha
elbow and abduction of
the contralateral fore=
1imb; extension of the
shoulder and elbow of
the ipsilateral forelimb,
HMaximal development at
15 seconds,

Fig,25 CAT #X1i Normal Fig,26 CAT #iIX Lesion
Stimulation: 500:1 2,8v, Stimulation: 50:5 5.5v,
Cet,16 159 Oct,15 '59

Flexion of the shoulder Notice flexion of both
and elbow of the ipsilatoe- glbows after the lesion,
ral forelimb, ibsence of Maximal development at
movement in the contrala- 15 seconds,

teral forelimb,
Maximal developnent
within 1 second,
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CAT #XVIII

Weight: 8.0 1lbs.

Electrode implantation: Jept. 28, '59.

Stereotaxiec coordinatess Frontal plane 0, 2.5 mm. to the
right of the midline.

Depth of electrode: 19 mm.

Stimulation of the "normal® cat: Sept. 29, Oct, 1, 2.

Postbrachial sections Oct. 6. Level of Th. 3.

Stimulations after the cord seection: Oet. 7.

Cinematographic records; Sept. 29, Oct. 7.

Site of electrodes Not determined histologically.

RESULTS ‘Q

1. The "normal® cat.
A - Forelinmbs

At 500:1, on Sept. 29, the most complete movement
obtained appeared at the threshold valus of 6.0v. in the fora
of CF fle2 with abduction. This was the maximum voltage used.
On Octe 1, CP fle2 appeared at 3.5v. and IF fle2 appeared at
5.0v. (the maximum voltage used). The same obtained on Oet.
2.

The time relationships were not determined in detail.
Grossly, they consisted of a quick development to the maximal
position which is not maintained for the full time of stimula-
tion, and falls to normal immediately after cessation of the
stimuius.
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rY

9, the seme movements obtained,

Av 5015, on Jepl.
i appearing at 6.0V, and IF at 6,5v. (the maximun voltage
used), Cn Uet, 1, CF and IF¥ appeared at 5.uv. The maximum
voltage used was 0.V,

Thers were no latencles. The maximal position was

slow to develop and was well raintained for the full time of

stimulation. The time for the 1imb to fall to its original
position was not determined.

B - Head movemants

Cn the three successive days of stimulation, the
pupils dilaved, the gyslids and the nietitating meubranes
retracted and the head turned contralaterslly, Uscasional
poststimulatory reversals were recorded on the first two days
of stimulation at 50:5 only. "he thresholds were lower than
those of the forelimbs.

C - Cther movements

{ - Hindlimb movemente appeared at thresholds higher
than those of the forelimb.

{14 - The tongue protruded continually during the sti-
mulation session and there were usually licking movements
{mpediately after cessation of stimulus.

141 - The tail went up and to the right.

{v - The body curved with the concavity ipsilaterally.

y - Urination was occasionally recorded.

vi - Shivering or coarse tremors were not observed.

v
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vii - There were no moanings present during the

stimulations.

2, After the cord section.

A - Forelimbs
At 50011, the movement was very small and could not

be analysed in terms of joints. The most completely developed
movement available appeared at 4.0v. and gave a slight backward
movement of CF paw, with a similarly slight foreward movement
of IF. At 5.0v. this movement was compounded s0 that a reversal
of this appeared after a long latency (circa 12-15 geconds) CF
slipping forewards and IF backwards.

There were no latencies. The maximal development
occurred within one second of the onset of stimulus. @ho ‘
reversal ocourrsd at about 12-15 seconds. The limbs fell
back to their original position within one second after ces-
sation of stimulus.

At 5015, the most complete movement occurred st heOve
(the threshold value), in the form of CF fle2 and IF £12.

The maximum voltage used was 7.0v.

There were no latencies. The movement took a rela-
tively long time to develop, was held for the full time of
stimulus, and took a comparatively long time to come back to
normal (8 seconds).

B - Head movezents
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The pupils dileted, the syslids and the nictitating

Eembranes resracted and the head turned contralaterally at
both frequencies.
¢ « Other movezments

All disappeared except the tongue movements.



- 72 -

SPECIAL 3ERINS UF STIMULATIONS

perforned on the "normal® cat

fXXVII on February 26.

This series of stimulations was done to study
the progression of the time relationships over a wide
range of frequencies.

Exaet thresholds for the barest dilatation of the
pupils, at O.2v. intervals were determined at frequencies
of 10, 25, 50, 100, 25C, 500, 750, 1000, 1500, 2000, 3000,
4,000, and 5000 cps with a constant impulse duration of Q.1
msec., The results were as given in Chart §l. Hote that
the threshold decreases abruptly from 10 to 250, levels off
to be at its lowest at 500 and 750 cps and then slightly
increases again to be constant from 1500 to 5000 cps.

The cat was then stimulated with the same parameters
but 2.0v, above this pupillary threshold to obtain good fore-
limb movements, The time relationships wers observed at all
these paramsters and the results tabulated in Chart #2.

There were no latencies at any frequency. The time
for the maximal development decreased abruptly from 10 seconds
at 50 and 100 cps to one sscond at 500 cps. The time for the
maintenance of this maximal position decreased from the full
time of stimulation at 50 and 100 cps to 5 seconds at 500,
and finally to one second at 3000 cps. At the latter frequency
therefore we have a quick movement which goes up to a maximum

-
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and svarts immediavely o peler Guv as thls positica is

reached. (See eat SMXVII, fiz. 12, 13 = p.bk)e Ths tims
for the limbs to be back to their original position dimi-
aigues {rom 5 ssconds after cowsavion of the stimulus ab

50 and 100 cps, to 10 seconds after the onset of stimula-
tion at 750 and 1000 cps, to & seconds at 3000 and finally
to 2 seconds at 5000 cps. At the latter frequency, there-
fore, the movement is nothing but & rapid jerk immediately

back to the original position.
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CHAPTER IV
COMPILATION OF RESULTS

I ~ Nature of the movements

1. In the "normal" cat.
A - Patterns of Novements (Chart 7IV).

Forty different movements could be elicited from
the forelimbs (2 forelimbs in 10 cats at 2 frequencies),

3 of which were actually an absence of movement, i.e.,
XXIV in both forelimbs at 500:1 and XIX in the contralateral
forelimb at the same frequency.

Flexion of the shoulder and elbow, extension of
the wrist and toes with abduction (fl2e34, abd) were ob-
tained three times in the contralateral limb, (cat #XXIII
at both frequencies snd #XXVI at 500:1) and ten times
without abduction in the ipsilateral forelimb, (cats # XXVI,
1AV, XKIII, XXII, XXI at both frequencies). Flexion of the
shoulder and albew alone, (f12) occurred once in the contra-
lateral limb, (XXIV at 50:5) and six times in the ipsilateral
1imb, (XIVII and XX at both frequencies, XXIV at 5015, XIX
at 500:11). Presumably this is the same basic movement as
£12e34 since movement at the wrist and toes was always ex-
tension when the effsct of the stimulation finally spread
to the muscles controlling these joints.

Flexion of the shoulder and extension of the elbow,
wrist and toes with abduction (f1e234, abd.) occurred seven

times in the contralateral, (XXVII, XXII, XXl at both fre-
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quencies and XiV at 500:1) and once in the ipsilateral
forelimb {XXVI at 50i5); the latber was the sscond oompe-
nent of a compound movement, Flexion of the shoulder and
extension of the elbow alone (fle2) occurred four times
(in both limbs at both frequencies in cat FIVIII).

Extension of all joints with abduction occurred
twice in the contralateral forelimb in cats FIXVI and XXV
at 5015, and once without abduction in the ipeilateral fore-
1imb of cat #XIX aleo at 50:5. The extension of the shoulder
and elbow alone as recorded in the contralateral forelinmb
of cat #XX at both frequencies is probably the sse movement.

Por the IPSILATERAL forelimb therefors, if IF f12
is sesimilated to fl3e34, it can be sald that this pattarn
was obtained 16 times, 1.¢., in 7 cats at both frequencies
(XXVII, XXVI, XXV, XXIII, XXII, XXI, IX) and in two others
at one frequency only: at 50:5 in cat #XXIV in which move-
ments were absent at 50031, and at 50011 in #IIX, Zxceptions
to this movement were obtained only three times; at both fre-
quencies in cat FIVIII giving flexion of the shoulder and ex-
tension of the elbow, and at 5015 in #XIX giving extension of
all joints.

For the CONTRALATERAL forelimb, if fle2 is assimi-
lated to fle23h and el2 to el23L, it can be said that exten-
sion of the elbow, wrist and toes were observed 1) times, i.e.,
at both frequencies in é cats (XXVII, XIV, XXII, XX, XX,

IVITI) and at 5035 only in eat #X1X., This movement was agcom-
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panied § times by flexzlon of the shoulder, i.e., at both
XVIIT) and at 500:1
in cat #XV. It was accompanied by extension of the shoulder
L times, i.e., at both frequencies in cat #XX and at 505
only in cats #XXVI and XXV. Only 4 times did the contrala-
teral forelimb mot give extension of the elbow. It ylelded
flexion of the shoulder and elbow at 50:5 in cat #XXIV, at
both frequencies in cat #IXIII and at 500:1 in cat #XXVI. The
latter two however gave a responae very much like the usual
contralateral movement, the limb being abducted and the elbow
being hardly flexed.

The movements obtained in the forelimbs in this
series of experiments clearly show that one cannot speak of
flexion or extension of a limb as done by previous investiga-
tors. This indeed implies that all joints flex or extend
together. One must thoreforo distinguish between patterns in
which all joints perform the same movement and those in which
they do not. As already mentioned in the introduction, the
former are referred to as “simple" movements, the latter, as
"composite® patterns. These are further qualified by the terms
complete or imcomplete depending on whether all the joints of
the limb were involved or not. Another type of movement is one
in which a reversal occurs in at least one of the joints during
the stimulation. This reverssl never occurs at threshold value
and is rarely seen at voltages just sufficient to evoke a fully
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developed movement. When it is present, it is usual ly

11 higher voltages. The second component
added when the movement is compounded may precede or follow
the originel one, i.e., a joint which gave flexion may with
increasing voltage extend before flexing or extend after
the original flexion. This type of movement is the one
referred to as a compound movement.

The majority of movements were composite.

Only three simple complete movemmtis wers observed
and all thres, at 5035, They consisted in extension of all
joints in the contralateral forelimbs of cats #XXVI and XXV,
and in the ipsilateral forelimb of cat #X1%. CF el2 found at
both frequencies in cat #iI might be added to these 3 as being
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part of a simple movement but IWWWW%

voltage increases up to 15v., they are not included with the
group. No simple movement with flexion of all joints was ever
recorded.

Two compound novements have been noted in the fore-
limbs of the normal cat. The first was in the ipsilateral
forelimb of cat #XXVI at 5035, in which the originally flexed
elbow is followad by extension. The second was in the ipsila-
teral forelimb of cat #XIX at 50:5, in which the originally
extended shoulder, elbow, wrist and toes are preceded by a
flexion of the elbow after increasing the voltage. (One of |

the nicest compound movements seen, was in the ipsilateral
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hindlimb of cat #XXI whers £1234 shifts back to fle2l4,
the original low woltaze mavemant, during tha time of
stinulation.)

That n0 simple movements with flexion of all
joints was ever recorded in the forelimbs is immediately
obvious when the movements ars grouped by joints (Chart
#111). Indeed yrigts gnd toes have given extension at all
times when an active movement was observed. The only
flexions observed at the wriste were passive ones due to
gravity vhen the stimulus was only strong enough to involve
the shoulder and elbow. If these are flexed, the forearm
moves towards the horisontal poaitién, ad the paw droops
alightly downwards. These were not recorded. A slight in-
crease in voltage usually counteracts the gravitational feree
and the wrist extends forcibly as the toes fan out in exten-
sion,

The shoulder in the contralateral forslizb st 500sl
has given flexion seven times and extension only once and
this in cat FXX in which the elsctrode position was displaced
quite far laterally. At 50:5, however, the same joint has
given extension three times, i.e., in cats #IXVI, XXV, and
IX; flexion was obtained six times. It should be noted that
{t was only in the first two of these cats that a siuple com-
plete movement was observed in tiis forelimb, There ssems to
be a greater propensity for extension in this joint at the lower

frequency.
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In the ipsilateral farelimb at 50031, the shouider
fiexed in nins cats, one of which extended at Aow vollags)
1.8., cat #IXI. At 50:5 all shoulders were flexed except
in cat #XIX where it was extended.

The a}bow in the contralateral forelimb at 500:1
extended six times and flexed twice. One of these flexed
elbows (cat FXXVI) extended at 50:5. Moreover in cat #IIX,
the contralateral forelimb which was motionless at 50011
gave an extended elbow at 50:15. (Note that there is also a
flexion of the elbow at 5035 with a motionless contraiatersl
forelimd at 50011, but cat FXXIV in which this ocourred has
{ts electrode implanted in the inferior colliculus). There
is again hers a greater tendency for extension at 5015,

The elbow in the ipsilateral forslizmb at 50011
vas flexed in all cats except FXVIII where it was extended.
At 5015 the same held true except that sxtension was aleo
found in the elbow of cat #XIX and in that of cat FXIVI at
least as the second eoupenent of an abortive compound movemmt.

B - Changes in the nature of the movemmt with changes
in frequency.
In all, 5 cats showed a change in movement in at
least ons of its limbs with a change in frequency, i.e.,
#1IV1, XXV, XXIV, XXI, XIX. The five others, XXVII, XIIII,
I%1I, XX, and XVIII showed no change with frequency.
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Changes were found in the contralateral forelimb
...... ta
#XXIV and XIX showed only an absence of movement at 50031,
but XXVI and XXV showed an actual reversal of the movement.
In XXVI, the flexion of the shoulder and elbow at 50031
changed to extension of the same two joints at 5015, In
XXV the flexed shoulder at 500;1 became extended at 5015.
There were no changes in the other six cats in this limb,

Similar changes have been observed in the ipsila-
teral forslimb of i cats, i.e., XXVI, XXIV, XXI, XIX. Again
LXIV showed only an absence of movement, at 500tl. In cat
$XIVI, the flexion of the elbow acquired an extensor component
after a latency at 50:5 but was purely flexor at 500:l.
£1X1 extended its shoulder at low voltage at 50031 but was
always flexed at 50:5. #XIX, with flexed shoulder and elbow
at 50031, extends both (and the wrist and toes) st 5015. There
seems again to be (except for the shoulder of #IXI) a favoring
of extension at 5015 in the shoulder and elbow of both limbs.

C - Thresholds and order of appearance of movements.

The head movements had the lowest thresholds in all
cats. With increasing voltage, the forelimb movements then
appeared followed by the hindlimbs, This alm obtained in all
cats excspt #XXIV in which the hindlimb movenents preceded
those of the forslimb, and in cat #XXI in which the ipsilateral
hindlimb appeared before the contralateral forelimb.
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1ateral and contralateral forelimb

Tha {nai
The 1pa

movements have similar thresholds, both appearing together,
or one or the other appearing first on different days.

The thvashalds for the avpearance of the forelimb
novements was of the order of 2.0 = 2.5v. at 500:1 in all
cats except XX, and XVIII (10.0 and 4.Ov. respectively).

At 5015, the thresholds were 2.5 - 3.0v. in all except
#XXIV, IX and IVIII (11,0 = 6.0 - 5.5v. respectively). It
should be noted that cats #XXIV and IX do not have their
electrodes implanted within the nucleus cuneiformis; the
position of the electrode of cat #IVIII was not determined
histologioally.

When the fully developsd movement does not appear
at threshold, the first joint to move in the forelinbs is
the elbow followsd or accompanied by the sioulders. The
wrist and toes are the last to appear. This miccessive
appearance of the various joints i coapietely unrelated to
the position of the electrodes.

D - Conclusions

{ - The movements obtained are more complex than
suggested by other authors. Only ) simple complete movements
have been found in a total of 4O possible movements.

i1 - The most frequent patterns observed are flexion
of the shoulder and elbow with extension of the wrist and toes,
in the ipsilateral forelimb; extension of the elbow, wrist and
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toes, with abduction and a variable shoulder in the contra-
lateral forelimb.

{14 - The only active movements obtained from ths
wrist and toes in either limbs was extension.

iv - The threshold values increase from elbows to
shoulders and finally to the wrist and toes.

v - Changes in the movements do occur with changes

in the frequency, and they usually favor extension at the
lower and flexion at ths higher frequency.

2. After the postbrachial section,
A - Changes in thi patterns of movements.

The six cats with lesions showed some change in
the nature of the movements elicited by stimulation of the
midbrain reticular formation. Of the 2, movements available,
(3 of which were actually an absence of movement, 1.¢., &t
50031 in the contralateral forelimb of cat #XIX and in oth
forelizbs of cat #XXIV) only & were unchanged. (Chart #V).

The elbow shifted from extension to flexion in seven
movements. Five were in the contralateral fonlhb, 1.0, at
both frequencies in cat #XXVII; at 5015 in #XXVI (as the
first component of a compound movement) and XIX; and at 50011
in #XXV (as the second component of a compound movezent).The
other two were in the ipsilateral forelimb, i.e., at 50:5 in
cats #IIX and XVIII. A change in the elbow from flexion to
extension was sesn twice in ths contralateral forelimbd, i.e.,
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at 5015 4n cat FXIXIV and at 500:1 in cat #XXVI a8 the
second component of & Sompound movemsnt.
N.B. In oat #XXVI since the original movement was difficult
to classify in relation to the elbow, it might just as vell
be said that it acquired a flexor component as the first of
a compound movement .

There were five changes in the shoulder. It shifted
from flexion to extension four times in the contralateral
forelimbst at both frequencies in cat FXXVII and at 500:1 in
#XXV as the second component of a compound movement and in
#LVI, The fourth change was the reverse, i.e., a change
from extension to flexion in the ipsilateral forelimb at 5015
in cat §ill, “.!l

Gther changes recorded were a swinging abduction
as the first component of a compound moveaent at 5001l in
cat §XIV and un unanalysable forewards and backwards movement
as described in both limbs at 50011 in cat FXVIII.

Of the thres original simple complete patterns of
movement, 2 retained their original extersion of all joints,
1.0., at 5035 4n cats #XXV and XXVI, although in the latter
the extension of the elbow was preceded by a flexion to fomm
a compound movement at high voltages. The extended limb in
cat §XIX (which had also been preceded by flexion of the
elbow in the intaet cat at high voltages) bacame flexed at
the shoulder and elbow after the lesion.
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Of the two original compound wOVemeuts, Ous, &S
seen above, was changed in faver of the flexor component)
the other, at 5035 in the ipsilateral forelimb of cat
#XXVI remained unaltered.

Six new compounded movement s appearsd, 5 of
which were at 50031 where previously no compound movesents
had been observed. They were in the coniraiateral forelimb
of cats FXXVI, XIV and IVIII and in the ipsilateral forelimb
of #XXV and IVIII. The sixth developed at 5035 in the ipsi-
lgteral forelimb of cat #IXVI.

In the CONTRALATERAL forelimd therefors, the
elbow movenents wers all changed after the lesion except at
5045 in cat #XXV and XVIII. Five changed from extension to
flexion; two, from flexion to extension; one yielded the
{11~defined backwards-forewards compound movement already
referred to at 500:1., Two which did not respond:-befors were
just as moticnless after the lesion. In the same limb, the
shoulder movement was reversed four times and remained un-
changed five times (notice that an abssnce of movenent ls nct
recorded as a change). The changes wers a shift from flexion
o extension four timess at 5015 in cats #IXVII and at 50031
in FXXVII, XXV and XXV, The ill-defined movement described
at 50011 in cat FIVIII might be given as a 5th change.

In she IPSILATERAL forelimb the 8 normal flexions

of the elbow remained unaltersd and of the three extensions of
the sama joint, two wers changed to a definite flexion: at
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50:5 in cate #XIX and XVIII, The third gave the ill-defined
compound movement described above for cat #XVILI at 500:1.
Unly one shoulder exhibited a reversed movement after the
lesion in this limb, Cat #XIX changed from extension to
flexion at 50:5.
B - Thresholds

The voltages at which a change in the movement were
found in cats #XXVII, XXVI and XXIV were higher than the maximal
voltage used in the intact preparation, In these three the
thresholds for the forelimb movements had been considerably
increased. The changes occured at threshold,

In cats #XXV, XIX and XVIII, though the threshold
is similarly increased in the first two after the lesion,
the voltage at which a change was found after the lesion,
was not greater than the maximal voltage used in the "normal®
animal.

C - Conclusion

{ - The postbrachial section modified the patterns
of movements elicited in the forelimbs by stimulation of the
midbrain reticular formation.

411 - The most readily reversed movement is that of
the elbow of the contralateral limb, Its position was changed
in nearly every instance from extension to flexion but also to

extension if the original movement was a flexion.
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144 ~ The elbow of the ipsilateral limdb was un-
changed Irom its usualiy fiexed position. The few exten-
sions found in this elbow were reversed, however, after
the lesion.

iv « The shoulder of the contralateral limb passed
from flexion to extension in four cases, and that of the
ipsilateral limb did the reverse in one instance.

v - The wrists and toes were unchanged after the
legion. Vhen an active movement was elicited it was alweys
extension, although sometimes no movements could be obtained.

vi - There is an increase in threshold values for
eliciting patterns of movements after the lesion.

II - Time Relationships

1. In the *normal® cat.

At 50011, latencies were absent except occasionally
at threshold value when a 1 or 2 seconds latency was recorded.
The maximal development occurred within one second after the
onsst of stimulation, except again occasionally at threshold,
whea a delay of 2 to 3 seconds was observed. This maximal
position was not well maintained but started t¢ ster out from
L to 1, seconds after the onset of stimulus (range at all
voltages used in all cats). At threshold and close to thres-
hold, the limb was completely back to its original position

£ stimulaticon in avoub hall the cate. AS
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higher voltages in these and at all voltages in the cther
cats, this obtainad only after cessation of stimulus
{(usually within onse second). 4xceptions to these timings
were found in cats #XX and XXIV, Cat /XX had a long four
seconds latency, with a maximal development at 5 seconds.
This was well maintained for the full time of stimulation
and fell to normal within three seconds after cessation of
stimulus, The electrode was misplaced far laterally to the
periphery of the brainetem, Cat ;/XXIV gave nmo limb movements
at this frequency: the electrode was implanted within the
nucleus of the inferior colliculus and encroached slightly
upon the central gray. A special mention must be made of cat
#XXVI which showed an exaggeration of 500:1 timings. The
whole movement appeared as a jerk; there were no latencies;
the maximal development petered out within i second; the
1imb was back to normal withim 2 seconds from the onset of
stimulus, The electrode was implanted within the depth of
the nucleus cuneiformis and entered the nucleus subcuneiformis,
At 50:5, latencies were nearly always present at
threshold, (except in the ipsilateral forelimb of cat FXIX)
This latency was usually longer in the contralateral forelimb
and diminished more slowly with increasing voltage than in the
ipailateral forelimb (;XAVLI, XXV, XXII, XXI, XX, XIX), The
reverse was observed in cat /XX and equality of the two limbs

in cats fXAVIL, XXIV, XaIII, XVIII. The maximal developuent
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appeared within & to 10 seconds at threshold and this time

was shortened with increasing voltage. The positidn 15 Weai

maintained for the full time of stimulation at thresheld
in all cats except #XXVI, Above threshold in cats #XXI1I,
1X1I, XXI and of course #XXVI, there was a tendency ivr
pstering out sooner. The 1imbs fell back to their original
position within one gecond after cessation of stimulus except
{n both forelimbs of cats #XXVII, XX and in the ipsilatersl
forelimb of # XIXIII, It seems surprising that increasing
voltage which reduces the latency and the time for the maximal
developuent should reduce the time of the offect. (ZIVII,
IXIIT (CF), XIXII and XXI). At 5025 therefore we usually have
latencles, groater in the contralateral forelimb; the move-
ments are Klow and deliberate, fully naintained for the full q
time of stimulation end falling back to normal only after
cessation of the stimulus, |

These differences between the two frcquoneied fall
within a wide range of values for the various timirgs undser
consideraton, if a greater variety of frequencies is utilised.
As reported above for cat #3%V1I, (Chart f1), very low fre-
Gueneles (10 to 20 eps) give a tremulous movement whdch follows
the rate of stimulation, Between 20 to 30 cps the movement
becomes tonic and has the same characteristics as those des-
eribed under 50:5. As the frequency {s increased up to 250 cps
the characteristics of 500:1 begin to appsar. The time for the
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maximal development gradually diminishes and the position

These pzrameters are ail ghortened as the frequency is
{ncreased until only a jerk ie observed at 5000 cps.

2. After the lesion.

At 50315 there wers no significant changes except
in cats #XIX and XIVI. In the former, the latencies wers lost
{n the contralateral forelimb, In cat $I5V1 the time for the
1izbs to reach their maximal developmext was increased from
g-1 sec. to 10-20 seconds. The voltuov gt which a fully
developed movement could be obtatned in these cats before and
after the lesion were 4.Ov. and L.Ove respectively in JXIVI
and 2.5 - 5.0v, respectively in #x1X,

At 50031, there wers no significant changes except
{n cats #IIVI and XIX. The time at vhich the 1linb was held in

its maximal position was greatly prolonged in both after the
lesion: from 1 to 13 seconds in #LXVI and from 5 %0 8-18 seconds

{n #XIX (Chart #V, D & ¢). The time at which the 1inb fell

back to normal was also prolonged from 2 to 21 seconds in

JIXVI and less significantly from 10-21 to 15-30 seconds in
#X1X, It is not pelisved that the changes in the timings in

cat $XIX wers due to the {nerease in the sbeolute voltage ussd,
for similar changes are al®m found in cat FXIVI in which the
voltage threshold was unchanged. Cat #XIVII on the other hand,
in which the timings were unaltered, also showsd a great increase
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in threshold (3.0 = 6,Uv.), It ghould he noted that the
only similarity bstween cats #XIX snd XiVI is that the

electrode is better implanted within the depth of the

From these changes very few generalizations can
be made as to the effect of a postbrachial section upon the
time relationships, It does seem justifiable, however, to
say that the limb may be held better at its maximal position

after the section. This has occurrad in 2 out of 4 cats.

3. Conclusions
{ - Different frequencies give movements having

different time relationships. 500 cps yields a guick movement
which cannot be maintained for the full 20 seconds of stimula-
tion. 50 ops elicite a slow movements well maintained for 20
seconds.

1 - Postbrachial sections do not seem to change
these time relationships consistently. Two cats, however,
gseom to indicate that the movement is better maintained at

high frequencies after the lesion.
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GHAPTER V
DIscussIOn
1. lKature of the movement obaerved in the "normal® cat.

It is apparently not sufficient to gpeak of flexion
or extension of a limb when reporting the movements elicited
by stimulation of the reticular formation of the brainstem.
This indeed seems to imply that all joints in the limb flex
or extend. Such simple complete movements were found only
three times in this series of experiments. They consisted
of extension of the shoulder, elbow, wrist and toes in the
ipsilateral forelimb of cat fiIX at 5035 and the saus with
abduction in the contralateral forelimb of cats #4XV and ZXVI
at the same frequency. KO simple complete movements of
flexion were recorded. Indeed no active flexion of the wrist
and toes wa3 ever observed. It should be stated, however,
that passive drooping of the wriat did occur at low voltages
as the flexion of the shoulder and elbow 1ifted the forear=
to the horizontal position.

Why, then, did Thiels, (32), Hinsey st al. (8),
and Sprague and Chambers (31), speak of flexion or extension
of the limbs as though they were sizple movements? There are
two possibilities, 1) They did obtain simple movemsnis.
Spragus and Chambers introduced their electrode into the
medulla oblongata and could stimulate cells and fibers of the
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reticular formation with direct connections to the spinal

. {Brodal. 2). This might give a more congtant and

basic pattern than stimulation of the nidbrain. The obvious
objection is that Ranson and Hinsey al® described such

simple movements by stimulation of the midbrain. The latter
however performed the experiments in decerebrate preparations.
Would the midbrain of a decersbrate cat yleld the same pattern
as the medulla of an intact animal? This is not altogether
iapossible since departures from this basic pattern, as ob-
tained by stimulation of the midbrain in normal cats, could

be due to circuitous pathways through higher nidbrain, pre-
tectal and diencephalic areas. Indeed, Ingram et al, did
desoribe protrusion of the claws and fanning of the toes with
flexion of the limb, in their series of stimulations of the
pidbrain in the normal cat. ii) A more likely interpretaticm,
is that these authors did not feel the need for a detailed
deseription of joint movements and referred only to the general
movement of the limb. If only the elbow joint is considered,
(the movement of which determines to the greatest extent the
appearance of the movement) most contralateral forelimbs can
be said to extend. Even the limbs of cats #ILVI at 500:1 and
IXIII at both frequencies have a general appearance of exten~-
sion of the limb, in spite of the flexed elbow (as explained
earlier this flexion is minimgl). On the same basis, zost
ipeilateral limbs can be considered flexed. This is consistent
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with the findings of Thiele (32) and liinsey et ale (8)e

In relation to the constant extenglon of the wrist
and toes, it is interesting %0 speculate on its relation ©0
walking patterns. Such patterns have been obtained from the
reticular formation in unanassthetised animals by Sprague amd
Chembers (31) and this was believed to be the function of this
part of the braln by earlier autkors (32, 8). If the move-
ments of a walking cat are visualized, it is immediately
obvious that as it lifts its paw from the ground, it actively
flexes the shoulder and elbow but that the wrist and toes are
only passively flexed. They are even extended as the movemsnt
progresses to prepare the placing of the paw as the rest of
the limb extends forewards. Active flexion of these two joints
sean unnecessary in the normal walking pattern.

There is no simple parallel betwean those areas of
the reticular formation which yield facilintion and inhibition
and those whish give spscific postural patterns. Stimulation
of the medulla by Spragus and Chambers (31) yielded ipsilateral
forelimb flexion and contralateral forelimb extension in those
areas giving inhibition of reflexes according to Magoun and
Rhines (12), and the reverse was obtained in those areas yleld~
ing facilitation. One would therefors expect that the midbrain
which yields facilitation (20) should give ipasilateral extension
and contralateral flexion. This according Lo the work of other
investigators (32, 8, 10), and our oun, is evidently not 0.
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Changes in the nature of the movement with changes
in frequency have a0y been reported by previous workers wio
stimulated the reticular formation. They have been obsgerved
hers in five of the ten animals. Cats #XXVI, XXIV, XIX
showed this difference in both limbs; ZXV in the contralateral
and IXI in the ipsilateral limb only. That this should not
have been reported by previous autiora is consistent with the
results obtained here, i.e., the changes were found between
300 and 500 cps, Sprague and Chambors (31) used a maximum
of 250 ecpa. It is true that the high frequencies used in
this experiment are probably quite unphysiological but they
do yleld & change in movement.

Theoretically a nerve fiber can respond at a rate
of 1000 cps. The synapse on the other hand cannot respond at
such a high frequency. Various synapses have various maximal
frequencies at which they can respond. Some cannot follow
rates even as low as 20 cps while others can respond as fast
as 500 cps (Hsiang-Tung Chiang, 9). Moreover, the degree of
blocking effect of repetitive stimulation seems to incresse
with the number of synapses.

It would seem that eome of the synapses concerned
with the extension of the joints cannot respond as well to
high frequency stimulation as those of flexion. This may le
due to their own physiological characteristics or t0 the fact
that extension is mediated by a pathway containing a larger
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number of synapses. The latter explanation 1s believed to
be the correct one for reasns W b
with the changes after the lesion.

The changes in movements with changes in frequency
described here parallel the findings of Renson and Hinsey (19)
that rapid faradic stimulation of a sensory peripheral nerve
sometimes called the contralateral flexor muscle into activity
while lower stimulation rates gave pure crossed extension,

9imilar changes though as yet unreportsd from reti-
cular formation stimulation, have been known to occur from
other areas of the central nervous system. Cure and fasmussen
(4) have shown how variations in the frequency permitted them
to construct 3 cortical mape of somatic motor representation.
At low frequencies the distal muscles were most easily affected;
at high frequencies, the proximal. Such a selective offect
upon distal and proximal muscle groups could not bs obtained
from the reticular formation. Indeed, even the order of appea-
rance of the joint movements were the sans at both frequencies
used. The elbow appeared first, followed with increasing wl=-
tage by the shoulder and finally the wrist and toes.

The differences observed here after a change in fre-
quency were & shift from a group of synergists to their anta-
gonists. A mors directly comparable varlation with changes in
frequency has been reported in 1950 by Morussi (17}« He states
that inhibition of decerebrate rigidity end of myotatic reflexes
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1g slieited by stimulation of the cerebellum at 50 to 300
cpa; whereas facilitation results from rates of Z to 30

cps. This has not besn observed from the reticular formation
of the brainstem. It would seenm that the critical frsquency
{3 much higher from the latter area, and the resuits of This
series of experiments suggest that & reversal of facilitation
and inhibition might oceur at about 400 to 500 cps.

2. Kature of the movements after the leaion.

After the postbrachial section, changes did ocour
in the patterns of muscular movenent elicited by reticular
formation stimulation. |

This 18 an indication that thess patterns are not
present as such within the reticular formation of the nidbrain,
or do not depend solely upon direct reticulospinal pathways
to the cervical cord, They must somehow be modified by other
systens ascending from lower levels of the spinal cord 0 the
cervical segment, FHow the latter systens exert their of fect

{s a matter of spsculation.
The hypothesis supported here {s that reticulospinal

fibers not only activate the cervical segments of the cord
but also send impulses reaching lower levels which are then
relayed back to the brachial segments to modify the original
nore direct effect upon the forelimb musculature.
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First, we must consider vhe anatomical basis of
this hypothesis, The term reticular formation was ugsd by
early anatomists to designate those parte of the medulla;
pons and midbrain made up of cells scavvered within the core
of the brainstem, and surrounded by a network of fibers
running in all directions. It has racently been shown that
this so-called diffuse area is more pracisely organized
than had been suspected. (n the basis of cytoarchitecture,
it has been divided by Olszewski and Baxter {1i8) into a wide
variety of nuclei. These may again be classified according
to their afferent and efferent connections, although there
{3 often s considerable amount of overlap between a number of
nuclel (Brodal 2, Roesi & Zanchetti 20), Une must distinguish
three nuclei which project to the cerebsllum and the rest
which do not. The latter are again subdivided inte a nedial
and a lateral group. The former gives rise to long afferent
fibers projecting outside the brainstem, i.e., descending to
the spinal cord or ascending to the thalamus, the subthalamus,
the hypothalamus and to the basal ganglia. The lateral nuclei
project unto the medial group through shorter axons.

The descending reticulospinal axons have besn shown
to originate from cells in the medial part of the reticular
formation of the pontine and medullary regions only. They are
concentrated in the nucleus reticularis glgantocellularis in

the oral portion of the medulla, and in the intermediate part

Y
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of the pontine regions, faaudsl part of the nucleus reti-
cularis pontis oralis and rosiral part O
reticularis pontis caudalis). The fibare from the pons are
strietly ipsilateral; those from the medulla are bilateral
though chisfly ipsilateral. They all end in almost equal
nunber in the cervical and thoracic segaents of the cord but
stop short of the lumbar region. It has been puggested that
the descending reticular pathways are continued as proprio-
spinal fibers at this caudal level.

Although the midbrain reticular formation is the
origin of some long ascending axons, (to the hypothalamus
and basel ganglia with which it is reciprocally comnected)
{t does not give rige to long deacending !;bers. Howsver,
the work of the Scheibels (24) demonstrates that the axons
of the cells in this region do dichotcaize into an sscending
and a descending branch. Many of these do not pro jeet outside
the brainstem and do not fit in the long fidber systea category
of Brodal. Neither can they be classified as Golgi type II.
Indeed, in spite of the pevalent opinion, golgl type II cells
have never been found by these authors in the reticular forma-
tion of the brainstem. We may perhaps be permitted to refer to
them as short fibers. However, the axons usually have colla-
terals ending in the vieinity of the cell body and dendrite.
They have been referred to as the Golgl type II component of
the axon system cf the cells (24).

-
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olgl type II collaterals that impulses from the reticular
formation of the midbrain can descend to the pontine and
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action of thaess dichotomizing axons has been deseribed as a
conical shaped mass with it3 long axis directed parallel to
the long axis of the brainstem, This organization suggests
that though impulses may be transferred medially along the
parallel conical fields to the contralateral sde of the
brainstem, the main line of transmission is along the ipai-
lateral long axis of the brainstem.

The impulses ylelding movements by stimulation of
the midbrain reticular formation would be transmitted through
this multisynaptic pathway in the midbrain (or one short
descending axon may be sufficient) to the areas of the pons
and medulla. At this level, similar systems may carry them to
the spinal cord but direct long reticulospinal fibers would
be available to carry them to the cervical segments of the
cord, From the anatomical data reviewed above, it is apparent
that this direct effact would be mostly ipsilateral although
some direct contralateral effect from cells of the medulla
would also obtain. Intrasegmental fibers at cord level may
also be responsible for contralateral effects.



cnd ay

[T SR ok
obEnnol

. L2 U W
L& LAk

ey,
NRKY

wgcndeyd

U feteind

winkn edd

1HanedEab
lubag bas
LULGE G
siluve od
Y Pt
plds Jeidd
FTLL 508

il wluow

pathway do not end in the cervical cord. They descend as
far as the lower thoracic level. irom ners they are propa=
gated through the propriospinal systen until the lumbosacral
gegments are activated. Firing into the interneurdna: gecl

at this level will certainly activate the spinal border cells
of Cooper Sherrington (3, 30) described in the introduction
(page 4)» Impulses from this pathkway reach the contralaveral
side of the cervical segment of the spinal cord.

At least three groups of axons fire upon the inter-
neuronal pool of the cervical region at the time of stimula~-
tion, Direct reticulospinal fibers, intrasegmental fibers
and long ascending propriospinal fibers from the spinal berder
cells of Cooper Sherrington. wvirect reticulospinal fibers to
the ipsilateral side will have a more powsrful effect than
upon the contralateral side and by ricochet (since they are
driven by these ipsilateral fibers) the reverse is true of the
{ntrasegmental and spinal border cell fibers.

The position of the ipsilateral forelimbs therefore
would seem to depend mostly upon activetion of the interneuro-
nal pool by direct reticulo spinal fibers. This effect which
is weaker on the contralateral side should be strongly modified,
facilitated or antagonized, by the intrasegmental, and Cooper
Sherrington cells driven by the more powerful ipsilateral

direct reticulospinal pathway. This would explain that the



changes afteér the posthrashial gaction are greater on the

contralateral than on the {psilataral side. Ags reported

earlier, the changes after the lesion consisted mostly of

fiexion of av lsast of the esequiaition of a flexor component
by the usually axtended albow of the contralateral foralimb,
(and the extension of two that were previously flexed), Ihe
ipsilateral limb was unaffected in its usually flexed elbow.
Two extended elbows however did flex after the lesion.

It might be argued that the extension of the contra-
lateral (or ipsilateral) elbow is mediated through intrageg-
mental and/or spinal border cells, Iemoval of the latter
eliminates the extension completely or partially (as in com-
pound movenents), The wriat and toes remain extended after
vhe lesion and are therefore, tf the hypothesis holds, due
solely to the direct pathways or to the intrasegmental fibers
and are not modified by vhe spinal border cell systeém.

The same types of changes were found with high fre-
quency stimulation. 48 discussed earlier this was believed
to be due to the different capacities of the synapses Lo res-
pond to high frequencies of stimulation, It will be recalled
that the hypothesis was put forewards, that a longer polysy-
naptic pathway might be involved, accounting for this diffe-
rence, That this is the case is largely supported Dy the evi-
dence of the changes obtained after the lesion. Fhysical
removal of the longer multisynaptic pathway yields results of

the same nature as the physioclogical ablavion of the sama nathe
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wav by high freauency stimulation.

wy ve¢ T w

el &
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All that has besn said for the eibow appLiss
signs reversed to the ghoulder which was changed from
flavion to axtension after the lesion. However, the types
of changes found with high frequency stimulation does not
parallel those found after postbrachial section. A more
complex organisation must be involved.

The flexion of the slbow found after the lesion
and the hypothesis based upon this fact is difficult W
reconcile with the Schiff Sherrington phenomenon (22, 23,

30) 4n which the extension of decerebrate rigidity is enhanced
by postbrachial section. All that can be said at the present
time is that, since there is no evidence of extensor rigidity
{n the otherwise normal animal after postbrachial sectien, it
is quite possible that the sign of the effect of Cooper
Sherrington cells is reversed after a decersbration. Or again
it may be argued that the tonic effect of thess cells upon the
spinal cord is not the sane as that obtained by electrical
ltiiula&ion through the reticvlar formation.

It is fully realised that this is not a complete ex-
planation. The same problen exists in the interpretation on
th e mechanimm of decersbrate rigidity itself. The usual hypo-
thesis {8 that it is due to a release of function within the
facilitatory areas of the reticular formation. Yet, thers is
consideradble experimental evidence that electrical stimulation

of this structurs yields reciprocal &
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The changes observed after the lesion may of
course be due to an entirely different mechanism. Proprio-
ceptive impulses from the hindlimb could modify the position
of the forelimd through ascending ssnsory systems. However,
since there is no obvious change in the pattern of the fore=
limbs as the hindlimbs begin to move, this sesms rather
unlikely. Moreover, the independence of the Schiff Sherrington
phenomenon froa senscry impulses of the hindlinb has been
proven (22),

Arother interpretation is that the changes after
the lesion may be due to the general depression of the animal.
The increased thresholds point to such a depression. It should
sspecially be noted that the absolute voltages do not overlap
in the normal and {n the sectioned animal, in at least 3 oats.
If the same voltage had been obtained in the normal cat, the
saie xOvements might have besen reversed. This also semms un-
likely. The violence of the responss in the normal animal Was
never surpassed snd rarely attained after the lesion, a sure
indication that the effective agrount of current used in the
postbrachial preparations was rarely as great as that for the

norzal cat.
The 1dea defended here that patterns of movezents

obtained by stimulation of the reticulsr formation are set at
least in part within the spinal cord rathe than completely
within the reticular substance itself, is additionally supported
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by the observations on threshold values for the appearance
of the joints in the normal cat.

The first joints involved with threshold voltages
are the elbow and then the shoulder. The last to appear are
the wrist and toes. If the pattern of movement obtained was
set up within the reticular formation, this would imply that
sach slectrode was closest to cells controlling elbow movements.
By increasing the voltage, the current spread to cells govern-
ing ghoulder and finally to thoge for the wrigt and toss,
which therefore would always be correspondingly far away from
the elettrode tip. This is highly improbable.

An alternative, more plausible explanation, is that
the reticular formation unsslectively activates the interneu-
ronal pool of the gray matter of the cord. Whatever pattem
of movement is contzined therein will then be brought into
acpion. The increasing voltage only activates a greater mass
of the reticular formation., This in turn causes greater acti-
vity at the interneuronal pool level and brings more muscle
groups into play according to the pattern it contains.

The hypothesis supported here has an interesting

~ counterpart in the ascending system of the reticular formgtion.

Mancia and Menlders (13, 14) have shown that the background
activity in the cerebral cortex and subcortical relays is of
importance in determining the sign of the effect of reticular
formation stimulation on peripherally evokes responses at those
levels.
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3. The time relationships of the mOVemeIl s

The time relationships of the movements have bsen
thoroughly described at the frequencies of 500 and 50 cps.
They are al#o anowi (o Ue pari of a gradation in Viamings
whioh was completely charted out from 25 to 5000 cps in cat
#LIVII (Chart #1).

The findings are in perfect accordance with the
time relationships described by Mihailovic and Delgado (16)
and contribute additional information as to the time the
offect can be maintained at various frequencies. The pstering
out of the effect at high frequencies corresponds to that
observed by Gernandt and Thulin (7) for the phenomenon of fa=
eilitation and inhibition at low frequencies. The jerky move-
mont described by }Mihailovic seems but part and purccl of this
petering out phenomenon. The maintenance of the response at
low frequencies corresponds to the prolonged effects described
by Delgado &n 1959 (5).

The time relationships are not consistently altered
after the postbrachial section. However, the time the limb
is held at its maximally developed ponitioh (and the time for
{ts return to normal) seem to be significantly increased after
the lesion, in two cats. This would suggest that the pstering
out effect might not be due to fatigue or depression of the
pathways but rather to an inhibitory action on the part of

structures within the apinal cord., If this is so, the presence



B e {
IHVp Lo

IH WAL
s fofdw

) 1IVASk

st onil
500 biis
i Fa9tle
{5 o e
bovesadd
etspaiils
sguh Inon
- anluadeq
wpa1l wol

bhrgiet

ad? 1edis
3o blerl 8l
privges 8l
potesf afd
Jo91%e JLO
W eyawiidad

a9 2ontda

- 104 -

of inhibitory fibers could be postulated within the caudal
portion of the spinal cord, This would account. for the

patering out effect as well as for the Sehiff Sherrington

phenomenon.
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CHAPTER VI
SUMMARY

1 Ten adult cats were stimulated with monopolar

square waves through bipolar electrodes chronically implanted
in teulay formation of the midbrain, at 500 and 50 cps.
In 6 of these, the stimulations were repeated after a post-
brachial section of the spinal cord.

2. In the "zormal® cats, forelimb movements obtained,
consisted mainly of flexion of the shoulder and elbow with
extension of the wrist and toes in the {peilateral forelimb,
and extension of the elbow, wrist and toes with abduction

and a variable shoulder in the contralateral forelinb,.

3o Differences in the movements at the two frequencies
were occasionally observed. 500 cps sesas to favor flexion,
50 cps, extension.

be The first joint to appear at threshold is the elbovw,
followed or accompanied by the shoulder. The wrist and toes
appear last and are always extended.

5 Postdrachial sections of the spinal cord favor
flexion of the extended elbows in both forelimbs and extension
of the flexed shoulder in the contralateral forslimb.

6. The time relationships of the movement are different
at the two frequencies. 500 cps gives a quick movement which
cannot be maintained at its maximal intensity for 20 seconds.
50 cps elicits a slow movement well maintained for the full

time of stimulation.
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Te The time relationships are not consistently modi-
fisd by the postbrachial section, There is an indication,

however, that the movement at 500:1 may be better raintained
at its maximal development after the lesion.

8. Thege results show that the forelimb movements
obtained by stimulation of the reticular formation of the
aidbrain are, st least in part, dependent upon the interseg-
mental spinal cord organisation. Extension of the elbow
seens to be particularly influenced by pathways arising {rom
cord levels below Thek.
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CAT #XXVII:

1000 1300 ZJﬁﬁ' "gégg 1,000 500¥ ;

Threshold voltages for pupil dilatation at va-
rious frequencles, with a constant impulse du-
ration of 0,1 msec,

CHART #II
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50500 1000 1500 2000 3000,.._,-4_V,,.*_hQQQ..._..__599.?
FREQUENCY .IN CYCLES PER SECOND.

CAT #XXVII:

Timings of the movements at various frequencies,
with a constant impulse duration of 0,1 msec,
Voltage for each frequency is 2,0v, above thres-
holds given in chart #I,

stmaximel development, » :time of maximal effect.,
+:time to return to original position,
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o CHART ALIL
pm\m: 5015 500:1 | CATFR: 50:5 500:1
23 123k o #0123k 183 L

KXVIIoeeeabdoe oo abd ! XXVII o 00
XXVI e o eeabdoo oo abd | XXVI 8 § §8 009
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IXI oeeeabdoeee abd| XXI ooee % § i i l
KX oo abd o @ abd| XX o0 00
X ) abd _j iXIX $88¢ 00 \
VIII o e .08 XVIII o @ o
CF MOVEMENTS TF MOVEMENTS

o:flexion e:extension o: compound movement-flexion reversing

to extension o:compound movement-extension reversing to flexion
N.B. When two rows are present, the top’one represents a lower |
voltage, the bottom one,a higher voltage. |

e . CHART
Limb: CF
ovt| Freq: 50:5 500:1
el - XN abd| |£12e3l
YXIII abd XXIII abd
£12 - - fl12 XVII XVIL
XXIV - X.X.Iv -
- - [ )64 XX
| T S— T SR ¥ ¢ SEEE
F_‘—_——'_"—' e e e - e .—.—-—-.-.——.———l..——-—-—-
fle234 XXVII XXVII | |fle234 XXVI -
abd - XXV | | abd - -
XXII XXII ' - -
XXI X1 - -
fle2 abd XVIII  _ XVIII fle2  XVIIT _ XVIII
| e .. L .- e e e - e e e nene e e e s s e e .__‘ ?
el23h  XXVI - el23h,  XIX (no abd) = } :
abd Xy - abd - - ‘
el2 abd XX XX el? - - i
elf2edl, = - elf2edl - XXI (Low Y) %
2 abd, XIX _______= ezabd, = .= |
ATTERNS OF CF MOVTS PATTERNS OF IF MOVT
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T #V
Clq . Normal Lesion Normal Lesion
#0T:123 4 1234 112314 1234
XXVII 0 o @ @ abd # © oeeeabdeo
IXVI eoooabded e e abd 00 ee abd g §§§
XXV e oo o abd e oo e abd 0o e e abd § ’ !
IXIV oo ° abd nil
XIX . abd 0 0 nil :
IViII o e 08 o backe=fors
CF MOVEMENTS CF MOVEMENTS
5025 500:1
CAT Normal Lesion CAﬂ Normal Lesion
fri12346 1234 gursi23h 123Lk
IXVII o 0 00 FIVII 00 00
v 88¢88 ‘KRR XXVI oo e o coee | -
IIv 09000 0000 XXV o0 o000 o ¢ ¢ o abd4add,
XXIV o0 0 nil XXIV nil
xix $888 00 XIXT oo 00 »
IF MOVEMENTS IF MOVEMENTS ‘
5015 500:1 )
|

o:flexion e:extension o: compound movement-flexion reversing

to extension o:compound movement-extension reversing to flexion
N.B. When'two rows are present, the top one represents & lower
voltage, the bottom one, & higher voltage.
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